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R. D. WOOD GATE VALVES 
PROVIDE POSITIVE FLOW CONTROL 
AFTER YEARS IN THE LINES 


Here's what the R. D. Wood Gote 
Valve looks like from the outside — 
rugged, simple, streamlined. It is 
built for generations of dependable 
service in the lines. Available with 
all pipe cti lud 
chanical joint. 


Strip it down to a sectional view 
and you can see why interruptions 
in service are rare. There's virtually 
nothing to go wrong — none of the 
complicated small parts that fail in 
an emergency because sediment and 
scale render them inoperable. 


Bring the R. D. Wood Gate Valve 
down to its essentials and you have 
the spreader and two discs. Rising or 
descending, discs are free to revolve 
completely, thus distributing weor 
evenly. In closing, discs are fully 
lowered before spreading action be- 
gins. Fully op d, p ts move 
out of the water way, providing full 
pipe capacity. 


R. D. WOOD COMPANY 


Public Ledger Building, Independence Square 
Philadelphia 5, Pa. 


turer: of Math Hydrants and '' Sand-Spun'' Pipe (centrifugally cast in sand molds) 
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Build for the Future 


on a Lock Joint “Foundation” 


City planners and engineers are taking a long, 
hard look at everything connected with water 
supply —the most serious problem affecting the 
city’s future growth. That’s why so many cities, 
all over the world, have selected Lock Joint Pres- 
sure Pipe’s greater security, more dependable per- 
formance, longer life. They know that their plans 
for meeting future water supply requirements must 
include pipes whose high carrying capacity will 
be as great scores of years from now as they are 
today. 

In addition to a solid foundation for the water 
supply system of the future, Lock Joint Pressure 
Pipe offers important economies — low first cost, 
economical installation, low pumping costs and 
negligible maintenance charges. 


VISIT OUR GOLDEN JUBILEE BOOTH—CHICAGO—JUNE 12-17. 


LOCK JOINT PIPE COMPANY 


East Orange, New Jersey 
Sales Offices: Chicago, Ill. - Columbia, S. C. - Denver, Col. 
Detroit, Mich. - Hartford, Conn. - Kansas City, Mo. 
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VASTLY INCREASED POWER... POSSIBLY ATOMIC . .. highly comprened into smaller 
tpoce, moy give Mon an engine that will enable him to sustain individual, wingless fight. 


100 years from now... 
WE MAY “FLY LIKE THE BIRDS” 


Time and the future will reveal many wonders... 

But in that Jules Verne-like world of tomorrow you'll find 
one familiar note: water and gas will still be carried by the 
dependable cast iron pipe laid today. 

Throughout the nation, records show that over sixty 
American cities still use cast iron water and gas mains laid 
more than a century ago. No pipe can match cast iron’s 
demonstrated longevity. And today, U. S. Pipe, centrifugally 


cast, is even stronger, tougher, more durable. D 5 


U.S. Pipe is proud to be one of the leaders in a forward-look- car OF tw0m 
ing industry whose service to the world is measured in centuries. 


U. PIPE AND FOUNDRY COMPANY, General Office: Birmingham. Aiabamea 


A WHOLLY INTEGRATED PRODUCER FROM MINES AND BLAST FURNACES TO FINISHED FIFE. 
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VASTLY INCREASED POWER... POSSIBLY ATOMIC . .. highly compremed into smoller 
tpoce, may give Mon an engine that will enable him to sustain individual, wingless Might, 


100 years from now... 
WE MAY “FLY LIKE THE BIRDS” 


Time and the future will reveal many wonders... 
But in that Jules Verne-like world of tomorrow you'll find 
one familiar note: water and gas will still be carried by the 
dependable cast iron pipe laid today. 
Throughout the nation, records show that over sixty 
American cities still use cast iron water and gas mains laid 
more than a century ago. No pipe can match cast iron’s 
demonstrated longevity. And today, U. S. Pipe, centrifugally 
cast, is even stronger, tougher, more durable. 
U.S. Pipe is proud to be one of the leaders in a forward-look- cae OF rmom 
ing industry whose service to the world is measured in centuries. 


U. &. PIPE AND FOUNDRY COMPANY, General Office: Birmingham, Alabama 


A WHOLLY INTEGRATED PRODUCER FROM MINES AND BLAST FURNACES TO FINISHED FIFE. 
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AWWA SECTION Jun. 6-10—North Carolina Water Works 


z Operators Assn. Short Course, Univ. 
May 19-21—Pacific Northwest Sec- = o¢ North Carolina School of Public 


tion at Hotel Chinook, Yakima, Wash. Stealth. Chae! Hill, N.C 
Secretary, Fred D. Jones, Dist. Super- ealth, Chapel Hill, N.C. 

visor, Rm. 305 City Hall, Spokane, Jun. 13-Jul. 1—Short Course on “Ecol- 
ogy of Fresh Waters” at Linesville, 


OTHER ORGANIZATIONS Pa., sponsored by Univ. of Pittsburgh. 


Pittsburgh, Pa. 
May 30-Jun. 1—42nd National Rivers 
and Harbors Congress, Mayflower Jun. 26—Jul. 1—American Society for 
Hotel, Washington, D.C. Testing Materials, Atlantic City, N.J. 


AWWA ANNUAL CONFERENCE 
Conrad Hilton Hotel, Chicago June 12-17, 1955 


Papers Scheduled for Presentation 


Monday, Jun. 13 
Merits, Defects, and Performance of Monobed and Two-Bed Demineralizing Systems ...... 
H. E. Bacon, L. G. Von Lossberg & S. T. Powell 


Boiler Water Suspended Solids--Their Significance, Identification, and Control .......... 
S. K. Adkins & 8. ]. Wachter 


Corrosion Problems in Small Heating Boilers .....................0000ceecue H. F. Hinst 
Effect of Various Types of Water on Nonferrous Metals..................... Lee Streicher 
Problems in Estimating Fluorides in Water 


Biological Infestation of Purified Water—Panel Diacussion 
M. P. Crabill, J. K. G. Silvey & W. T. Ingram 


Effect of Disinfection Dosages of Chlorine on New Water Mains ........... William Yegen 
Regional Water Supply Planning for North Central Ohio .................... Paul Belcher 


1955 State Legislation Concerning Water Resources—Panel Discussion ................... 
Led by Stephen W. Bergen; C. H. Capen, G. S. Rawlins, C. H. Bechert, 
T. W. Thorpe, M. B. Cunningham & C. M. Hoskinson 

Tuesday, Jun. 14 


Development of a Fresh-Water Pressure Barrier to Sea Water Intrusion in Southern Cali- 


Recharge Operations of the Upjohn Company at Kalamazoo ................. W. H. Sisson 
Streams Plus Wells Make Economical Industrial Supply ....... ee R. D. Wilson 

Unique Features in Water Treatment Plant Design—Panel Discussion .............+..++-- 


Led by H. O. Hartung; William Aultman, C. M. Bach, 
Marshall Houghn & Thomas M. Riddick 


(Continued on page 8) 
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IN WATER SYSTEMS 


tost. plas pertrmance 
& counts / 


Transite® Pressure Pipe with 
the Ring -Tite® Coupling 


For tue contractor who installs it . . . for the 
engineer who selects it . . . for the taxpayer who 
pays for it . . . Transite Pressure Pipe with the 
new Ring-Tite Coupling meets every require- 
ment. For example . . . 

Installed Cost is Lower—Contractors every- 
where have found that Transite’s light weight, 
easy handling and fast, accurate Ring-Tite Cou- 
pling simplify assembly and save time. May be 
installed even under difficult weather and terrain 
conditions. The Ring-Tite design automatically 
locks tight, forming a positive seal. 


Performance is Higher —With Transite A 


Pressure Pipe and the Ring-Tite Coupling, 
you can count on peak performance year 
after year because of such engineering 
advantages as these: Lasting strength 
because of Transite’s asbestos-cement, 

a strong durable material, highly 
resistant to corrosion . . . Designed 
tightness with the rubber rings 

of the Ring-Tite Coupling . . . 

Assured flexibility with auto- 

matic end positioning within 

the joint . . . Locked in the 

groove . . . rings can’t 

blow out. 


For further information about Transite Pressure Pipe 


and Ring-Tite Coupling, write to Johns-Manville, Box 
60, New York 16, N. Y. 


Johns-Manville TRANSITE PRESSURE PIPE 


WITH NEW RING-TITE COUPLING 


eee P&R 7 
That’s why it pays fo use , 
— 
| ‘ 
a 
ie 


COMING MEETINGS Vol. 47, No.5 


8 P&R 


Coming Meetings 


(Continued from page 6) 


Recording Instrumentation in Water Treatment Plants ..................... Oscar Gullans 
Effects of Detergents on Water Treatment ..........0-..2cccceccccceccecvccs J. C. Vaughn 

The Magnitude and Treatment of Nuclear Reactor Wastes ................. W. A. Rodger 


General Review—Studies of Water Treatment Methods to Prevent Radioactive Pollution .. 
H. Gladys Swope 


Instrumentation for Radioactive Pollution Studies .................2.++-000 H. E. Pearson 
1955 Studies of Radioactive Fallout ................ Rolf Eliassen & Robert A. Lauderdale 
Symposium—Controlled Draft From Reservoirs 
Edward Clark 
Johnstown Plant, Bethlehem Steel Corp. ................ Angus Henderson & A. S. Toth 
Equating Surface and Underground Storage .............02csecescecceeceees R. A. Hill 
Water Management—Another Necessity in Modern Industry ................ 


Wednesday, Jun. 15 
The Problem of the Suburbs and Public Services—Panel Discussion 


Your Government's Stake in the Provision of Adequate Community Facilities ........... 
John C. Hazeltine 


The Public Service Commission’s Viewpoint ................-.ceceeceeceees O. P. Deuel 
The State Sanitary Engineer's Viewpoint ............-.ccsecccccsescees W. F. Shephard 
E. S. Cole 
Electrical Inspection of Coatings on Steel Mark Davidson 
New Developments in Tests of Coatings and Wrappings....G. E. Burnett & Paul W. Lewis 
Effects of Physical Environment on Water Mains ..W. D. Hurst, R. F. Legget & A. Baracos 
Effect of Water Treatment on Water Mains ..............-.cceeeccceeceees A. M. Buswell 
Public Health Service Research Grants in the Area of Environmental Health and Water 
Report of AWWA Committee on Water Works Research Needs ........ Martin E. Flentje 
Selecting Adequate Electrical Switching Equipment ........ E. O. Potthoff & N. L. Hadley 
Maintaining Electrical Controls at High Efficiency ...............6000cceeeees J. P. Kesler 
Modernizing Chicago’s Pumping Stations ..................+. O. B. Carlisle & J. L. Weeks 
Progress in Tunnel Construction for Central District Filtration Plant ..... George S. Salter 


Thursday, Jun. 16 


A Forecast of Metropolitan Chicago’s Water Needs .............-00000eeees L. R. Howson 
Water Supply Industry Safety—US Labor Department Survey ..... George R. McCormack 

Modernizing the Management of Chicago's Water Department .............. J. W. jardine 
Pumping Stations in Residential Areas—Joint Discussion 


The Solution Effects of Water Upon Cement and Concrete Linings of Water Mains ....... 
M. E. Flentje & R. J. Sweitzer 


A Fifteen-Year Exposure Test on Three Types of Distribution Pipe ......... M. J. Shelton 
Ready-to-Serve Charges for Private Fire Protection ............-+.++++++0+: L. R. Hanson 
The Lawn Sprinkling Load—Panel Discussion .......... Angus Henderson, E. F. Tanghe, 


L. S. Finch & M. P. Hatcher 
Getting Your Customers on Your Team .......-.....000eceeeeeeeeees Joseph S. Rosapepe 
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Are your 


chlorinators 


ANTEDILUVIAN 


The advent of the fully mechanical F&P Chlorinator, 
without any water trays or water columns, has made 
all others as dated as the dinosaur. 


Now at last you can have modern, instrument- 
type chlorinators that cost less at the outset and 
save you money every day, because they need 
less servicing, less maintenance, are safer and 
easier to operate. 


Fischer & Porter designed their new Chlorinator right from 
the floor up—to give maximum performance at minimum 
cost. New corrosion-resistant materials are used through- 
out. The fibre-glass cabinet is inert to moisture and chlo- 
rine. Regulators are modern, mechanical instrument-type, 
all completely corrosion-proof. 


But don’t take just our word for it. Let the F&P Chlorinator 
prove itself{—in your own plant for one year. You can do 
this without risking a penny. We'll install an 
F&P unit next week. Subject it to any kind 
of test you can make. You must be satisfied. 


You can’t lose a thing—and you'll get better, 
safer, more economical chlorinating service 
from the first day. A postcard will bring you 
the facts. Mail it now. 


complele process. 
Gai) FISCHER & PORTER CO. 


955 Fischer Road, Hatboro, Pa. 


COMPANY OWNED SALES AND SERVICE BRANCHES 
STRATEGICALLY LOCATED THROUGHOUT THE WORLD. 
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finale, durable mechanism of Chapman's Motor Unit. 


remains stationary during motor o 


IN CHAPMAN MOTOR UNITS 


Chapman's simple and rugged Motor 
Unit gives accurate, trouble-free control 
of large valves and sluice gates. It has ap- 
proximately half as many parts as any 
other unit. Its simplified design, low 
speed motors and low-ratio, stubtooth 
gears combine to give positive operation 
without drift, in any position and under 
all conditions. 


Installation is fast and simple. The 
floorstand unit comes completely wired, 
ready to connect to leads. Limit switch 
has micrometer adjustment for exact pre- 
setting for seating tightness. Motor Units 
operate smoothly under the most ad- 
verse conditions. All units are weather- 
proof and steam-tight. Write today for 
new Catalog 51. 


The Chapman Valve Manufacturing Co. 


INDIAN ORCHARD, MASSACHUSETTS 
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PITTSBURGH - DES MOINES 


designs, fabricates and erects 


every type 
of ELEVATED STEEL TANK 


for Overy 
WATER STORAGE 


The widely-varying water storage requirements 
of American communities are covered effec- 
tively by the broad range of Pittsburgh-Des 
Moines Elevated Steel Tanks available today. 
For every consideration of capacity, appear- 
ance, service, and cost, a corresponding answer 
is found in our standard and special elevated 
tank construction. Consult us on your water 
storage problems — our more than fifty years 
of experience in this field are at your service, 
without obligation. 


Send for our helpful 20- 
ge brochure, ‘Modern 
ater Storage in Elevated 

Steel Tanks”— free, com- 

plete, informative! 


PITTSBURGH - DES MOINES STEEL CO. 
Plants at PITTSBURGH, DES MOINES and SANTA CLARA 


Seles Offices ot: 
PITTSBURGH (25). . . . 3424 Neville Island 
NEWARK (2). 221 industrial Office Bide. 
CHICAGO (3) 1778 First Nations! Rank Bldg 
LOS ANGELES (46). 6399 


If you are interested 
in water storage at 
natural elevations, 
write for our illus- 
trated “Steel Reser- 
voirs” Bulletin, sent 
gladly on request. 


~ need | 
by il) 
| 
= 
4 
(1)... 1229 Prectorion Building 
CLARA CAL . Reed 
RESERVOIRS 
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DUST-FREE FLUGRIDATION 


For personnel safety — 
For plant cleanliness — 


OMEGA FLUOGRIDIZER 
The only fluoride feeder with the dust-free bag loading 


hopper. For Bulletins, write Omega Machine Company, 
365 Harris Avenue, Providence 1, Rhode Island. 


DIVISION OF B-I-F INDUSTRIES, INC. Discot: 


SUILOERS (RON FOUNDRY © PROPORTION BEERS, INC. INC. FEEDER 
CONTROLS 
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USE NORTHERN GRAVEL 


for 


RAPID SAND FILTER 


FILTER SAND SPECIFICATIONS are 


carefully laid out. The Effective Sizes and Uniformity Coefficients 
used by Consulting Engineers and also recommended by the Ameri- 
can Water Works Association are the result of long years of research 
and experience. 


The Northern Gravel Company is equipped to give you prompt 
shipment whether it be one bag or many carloads, exact to specifi- 
cation. Filter sand can be furnished with any effective size be- 
tween .35 MM and 1.20 MM. 


CHEMICAL QUALITY ot the fitter sand is also im- 


portant. It must be hard, not smooth and free of soluble particles. 
This requires perfect washing, and grading facilities. We have every 
modern device for washing, drying, screening and testing. 


Fl LTER GRAVEL supporting the Filter Sand Bed must 


be, in turn, properly graded to sizes calculated to support the Filter 
Sand, and be relatively hard, round and resistant to solution. 


The South District Filtration Plant of the city of Chicago is the larg- 
est in the world. Northern Gravel Company furnished them 422 
carloads with clocklike regularity, enabling installation continuously 
and economically. 


Northern Gravel has no equal in facilities and our reserves of both 
sand and gravel are inexhaustible. Northern Gravel Company has 
been in business over 40 years. We guarantee uniformity of products 
and our records enable us to duplicate your requirements on short 
notice. Our location is central and we have commodity rates in 
every direction. 


NORTHERN GRAVEL COMPANY 


Muscatine, lowa 


P.O. Box 307 Phone: Amherst 3-2711 
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“Century” Pipe, 4” Class 150, ready for laying in trench in 
Oakland, Oklahoma. 


SMOOTH 


““CENTURY’’ PIPE 


The smooth bore of “Century”? Asbestos- QUALITIES THAT MAKE “CENTURY” PIPE 


Cement Pipe means less resistance to water ECONOMICAL, TROUBLE-FREE, LONG-LIVED 
flow and, consequently, lower pumping 
costs. Formed on a smooth steel mandrel, 


. NON-TUBERCULATING 


the pipe has an interior surface to match. 2. NON-CORROSIVE 

The Williams and Hazen Constant “C”’ is 

conservatively placed at 140 for “Century” 3. 
Asbestos-Cement Pipe. Being non-metallic, 4. DURABLE 

it cannot tuberculate. 5. IMMUNE TO ELECTROLYSIS 
More and more cost and tax conscious 6. TIGHT JOINTS 
communities are recognizing the economy 7. SMOOTH BORE 

of “Century” Pipe. We will gladly furnish 8. EASILY, QUICKLY LAID 
information about its advantages. Write 

today for a copy of our free booklet, ‘Mains 9. UGHT WEIGHT 

Without Maintenance.” 10. LOW COST 


“Century” Pipe meets the A.W.W.A., A.S.1.M. and Federal Specifications for asbestos-cement pressure pipe, 


KEASBEY & MATTISON company « AMBLER © PENNSYLVANIA 


Nature made asbestos... Keasbey & Mattison has made it serve mankind since 1873. 
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HERSEY COMPOUND WATER METERS 


have repeatedly proven their superiority for the accurate 

measurement of all rates of flow, over any other single unit or 

assembly of meters. All bronze cases 2” to 6” sizes inclusive. 
Bargains are Poor Investments 


HERSEY MANUFACTURING COMPANY 


SOUTH BOSTON, MASS. 
BRANCH OFFICES: NEW YORK — PORTLAND, Ont, — — ATLANTA — DALLAS — CHICAGO 
SAN FRANCISCO — LOS ANGELES 


JOURNAL AWWA Vol. 47, No.5 


what goes into a 
successful submersible?... 


The three basics of a successful Submersible are the PUMP... 
the SEAL... and the MOTOR. Byron Jackson is the only 
submersible manufacturer who manufactures all three and 
combines them in BJ Submersible Pumps... to answer a full 
range of pumping requirements. 


the packaged 
answer to wells 6” 
Sil pe e and 8” |.D. and larger 
: in capacities from 
 ——— 30 to 260 GPM. 


BJ has been successfully manufacturing 
submersibles for over 30 years and has maintained 
its leadership in design and construction ever since. 
That’s why you get the best pump for your 
specific needs. ( NOTE the extra spacer 

for longer pump life!) 


The BJ Mechanical Seal is used to prevent water 
entering the oil-filled motor. This precision seal 
requires no operating anes. It is designed so 
that it is completely unaffected by sand. 


Byron Jackson’s oil-filled submersible motors are 
100% free from internal corrosion by water. No 

the motor special sealing sleeves. No exposed windings which 
y aed special covering or insulation. BJ] makes 
the only submersible motor which is easily 
re-wound with standard materials! 


plus exclusive BJ pressurmatic 


BJ PRESSURMATIC — another BJ submersible first — provides sure, 
automatic sealing pressure to the oil in the motor—by simply 
utilizing the natural buoyancy of oil over water. 


is the line leader to Byron Jackson’s time-proven line 

of Submersibles in sizes through 750 hp. Be sure 
subette to specify By Subette for your next industrial 

or municipal pumping needs. You get immediate 

delivery from 


Byron Jackson Co. 


SINCE 1872 
P.O. BOX 2017, TERMINAL ANNEX * LOS ANGELES 54, CALIF. 
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ALCO Welded Steel Pipe... 


for STRENGTH 
EFFICIENCY 
ECONOMY 
DURABILITY 


ALCO Steel Pipe is stronger . . . it is 
less affected by vibration, shock or 
impact and has greater strength for 
a given wall thickness than any other 
material used for transmission pipe. 


Greater Efficiency . . . ALCO Steel 
Pipe is watertight, gas-proof and 
even vacuum-proof. 


ALCO Steel Pipe is economical. [nitial 
cost is low. The long sections of 
pipe mean faster installation. 


Durability and long life . . . a conserv- 
ative estimate of the life of ALCO 
Electric Welded Steel Pipe in water 
systems is 75 to 100 years. 


ALCO Sales and Engineering Services at: 


New York, N. Y. 
PiTTsBuRGH, Pa. 

Sr. Louis, Mo. 

Str. Minn. 

San FrRANcisco, Calif. 
TULSA, Okla. 
WASHINGTON, D.C. 


ATLANTA, Ga. 
BEAUMONT, Tex. 
Cuicaco, ll. 
CLEVELAND, Ohio 
Houston, Tex. 
Kansas City, Mo. 
Los ANGELES, Calif. 


ALCO 


ALCO PRODUCTS 


PRC RAT 


Formerly American Locomotive ComMPany 


In eight easy-to-read 
pages, it contains help- 
ful information about 
weights, sizes, wall 
thickness and lengths 
of ALCO steel pipe. 
Mail this coupon 
or write direct to 
ALCO PRODUCTS, 
INC., P.O. Box 1065, 
Schenectady 5, N. Y. 


ALCO Products, Inc. 


P. O. Box 1065 
Schenectady 5, N.Y. 


Please send me a copy of ALCO 
ELECTRIC WELDED STEEL PIPE 
booklet. 


P&R 17 


| 
Send for this a> 
SEN 
\\s 3 
ret 
7 
= 
| 
Address 


Reliable equipment for 


accurate measurement and control 


DEPT. JA-5, 7 E. ORANGE ST., LANCASTER, PA. 


For accurate measurement of hot or cold 
water, gases, sewage, sludge or trade wastes 
under wide ranges of pressures. Flanged, 
bell, or spigot ends in any size or design 

. cast-iron, cast steel or steel plate, 
bronze, or combinations. 


PARABOLIC FLUMES 


ially designed to measure sewage, 
sludge, and trade wastes under low heads 
or open flow. Can be used for indicating, 
or with meter to record and totalize. Sim- 
le to install. Full 20 to 1 flow range. 
langed, bell or spigot inlet in 6” to 36” 
standard pipe sizes. 


WRITE FOR 
BULLETIN 1000 


indicate and/or record essential data on 
rate of flow, loss of head, sand expansion, 
water level, etc. Attractive units with easy 
to read dials. Floor stand mounting—or 
Operating Tables for convenient central- 
ized control. 


Developed specifically for accurate meas- 
urement of low velocity sewage, sludge or 
heavily laden trade wastes—flowing under 
low pressure conditions. Flat top prevents 
air binding! Flat invert is self-scouring! 


PITOT EQUIPMENT | 


Leaks and line breaks are quickly located 
with Simplex pitot rods, manometers and 
recorders. Light-weight, compact design 
makes them truly portable. Invaluable for 
overall survey of your distribution system's 
efficiency. 


Prevents surge and water hammer damage 
when filling larger size pipe lines. Controls 
speed of line closure, vents air and, if 
necessary, discharges water to prevent 
damage. Admits air to protect against pipe 
collapse from line breaks. 


SIMPLEX VALVE & METER COMPANY 


Sy@xX| SIMPLEX VALVE & METER COMPANY 
VENTURI TUBES ELLIPTICAL VENTURI TUBES 
GAUGES CONTROLLED CLOSING VALVE 


«¢ SIMPLEX FLOW METERS 


TYPE MO METERS 
Most accurate inferential 
type instrument for 
water, sewage, sludge, 
industrial liquors. Indi- 
cates, records, totalizes. 
Measures within +2% 
over ranges up to 20 to 
1. Easy-to-read, evenly- 
spaced rectangular chart. 
Wall, floor stand, or 
panel mountings. 


WRITE FOR BULLETIN 500 


REMOTE TRANSMISSION 


_ PNEUMATIC — New Simplex 
Laminair® is fast and ac- 
curate. Permits centraliz- 
ing instruments in main 
control panel away from 
primary devices. 


ELECTRIC — New Simplex 
Orthoflow® transmits data 
over in-plant circuits and 
leased telephone channels. 
Accuracy within +2% 
_ for ranges up to 20 to 1. 


WRITE FOR BROCHURE 


TYPE H METERS 
Mercury - float 

type indicating, 

recording and 

totalizing unit. 

Gives +2% accuracy at any 
point for flow ranges up to 13 to 
1, Evenly spaced scales make ac- 
curate readings easy. Wall, panel, 
or floor stand mounting. 


WRITE FOR BULLETIN 402 


RATE CONTROLLERS 


SLUDGE CONTROLLERS— Accurately control flow 
of sewage, sludge, trade wastes. Most ac- 
curate primary device, a Simplex Venturi 
Tube, has a special throat section of flexible 
rubber—measures as it controls! Motor- 
driven clamp adjusts threat... keeps flow 
at control point. Viscous flows contact no 
moving parts. 
WRITE FOR BROCHURE 


TYPE $ FLOW 
CONTROLLERS 


Keep flow constant despite changes in 
head of filter effluent or wash water. Con- 
trol within +3% over 5 to | range. Ex- 
clusive balanced guillotine valves quickly 
respond to slightest change. Standard sizes 
from 3” to 24”, 

WRITE FOR CATALOG 004 


_ SIMPLEX AIR RELEASE & INLET VALVES 


AIR RELEASE VALVES 
Vent air accumulations to 
eliminate binding at high 
points, increase pumping 
efficiency. Simple, rugged 1” 
and 2” sizes for up to 250 
= Special valves available 
or up to 800 psi. 
WRITE FOR BULLETIN 1200 


AIR INLET VALVES 
Prevent collapse of thin- 
walled pipes from sudden 
prowess drops in gravity 
ines. Simple, reliable float 
control quickly admits air 
to break vacuum. Available 
in 4” to 10” sizes. 

WRITE FOR BULLETIN 1202 


COMBINATION 
INLET-RELEASE VALVE 


One compact unit with a 
2” connection does work of 
two separate valves! High 
discharge and inlet capaci- 
ties. Invaluable for venting 
large quantities of air when 
filling systems. 
WRITE FOR BULLETIN 1203 


RELATED SIMPLEX” EQUIPMENT 


* FLOW REGULATORS 


* LARGE DIAL GAUGES 


* INSERT-TYPE VENTURI TUBES * SPECIAL VALVES 
* TAILOR-MADE MEASUREMENT & CONTROL EQUIPMENT 


SIMPLEX VALVE & METER COMPANY 
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Modernize Your Recarbonization| 


PROVEN ON MANY SUCCESSFUL INSTALLATIONS « 


OLD METHOD—Puel is burned at atmospher- 
ic pressure resulting in the production of gases 
containing corrosive elements and taste imparting 
impuzities. Cooling, scrubbing and drying gen- 
erally removes only part of the undesirable 
products, and also some of the CO». Consequently, 
the compressor and diffusion system must handle 
corrosive gases which increases maintenance and 
reduces the life of the equipment. 


ECONOMICAL AND, FEFICUNT.— 


The CARBALL is available in four 
sizes with capacities ranging to 
10,000 Ibs./CO, per day. Either 
gas or fuel oil may be utilized. 
Write for Bulletin 7W83. 


CARBALL METHOD —the CARBALL pro- 
duces CO, by compressing cold clean air followed 
by complete combustion of the air-fuel mixture, 
under pressure, in an accessible chamber. Corro- 
sive elements and tatte imparting impurities are 
eliminated. Cooler-Scrubber and Drier are not re- 
quired. Recompression is eliminated since com- 
bustion under pressure permits self-injection of 
the gases. 


Production and absorption of CO, with the CARBALL 


cent more CO, is produced as compared to old 


oabeds DIFFUSAIR diffusion system generally yields in excess of 92% absorption efficiency at only 


8 ft. submergence. One half minute retention time for absor 
Combustion efficiency permits fuel savings that will defray 
seven years. 


WALHER PROCESS 


ion saves cost of large diffusion basin. 
cost of the CARBALL in less than 


WALKER PROCESS EQUIPMENT INC. 


Vol. 47, No.5 
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On the coast of India, the 
Burma-Shell Refining Company 

has used the Centriline process 
on over 21,000 feet of sea-water 
cooling pipe. Through Centrilining, 
a cement-mortar lining is 
centrifugally sprayed on the pipe 
walls. Corrosion and tuberculation 
are eliminated . . . pumping costs 

are lowered . . . flow is increased .. . 
maintenance becomes negligible . . . 
and pipe life is extended indefinitely. 
This particular project in Bombay 
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called for the Centrilining of 

32” L.D. and 36” L.D. new steel pipe 
with 5/16” lining. But Centrilining 
works wonders in old pipes as 
well—with a minimum of surface 
traffic interruption. Proof of the 
pudding is in our files—the ever 
increasing number of repeat 
contracts from municipalities, 
industries and contractors. Why 
not follow their lead. Look to 


Centriline to rejuvenate your 


water supply systems. 


Lummus Company, India, was engineer and constructor on 
this project. Asiatic Petroleum Corp. was buyer for the owner. 


CENTRILINE CORPORATION 


A subsidiary of the Raymond Concrete Pile Company 


140 CEDAR STREET 
NEW YORK 6, N. Y. 


Branch Offices in Principal 
Cities of the United States 
and Latin America 

® 


© CEMENT-MORTAR LINING OF PIPES IN PLACE @ 
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Precision! 


... every part... from a tiny pinion 
gear to the ALL-BRONZE split case, a 
CALMET is precision made for ac- 


curacy and long life. 


We'll see you in Chicago June 12-17 
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CLOW RIVER-CROSSING 
CAST IRON PIPE 
TAKES ’EM"IN STRIDE”! 


EASY TO LAY. As easy to make up as a 
standard flanged joint. Lower labor in- 
stallation cost because of ease of joint 
make-up and longer laying lengths. 


FULL 15° TURNING DEFLECTION with 
absolutely no reduction in the full in- 
ternal opening area—therefore, no ab- 


normal pressure-drops at deflected 
joints. Deflection stresses evenly dis- 
tributed among all the bolts. 


ONLY A RATCHET WRENCH NEEDED. 
No split parts. Fewer parts—each joint 
consisting of one complete pipe, one 
solid follower ring, one solid ring gasket, 
bolts and nuts. 


LONGER LAYING LENGTHS—approxi- 
mately 18’6’ —faster installation, lower 
costs. However, lengths may be va 

to suit conditions. For example: 6 foot, 
12 foot or other special lengths may be 
advisable to suit soutioed curvature. 


Mail coupon for complete information 
on Clow Ball-and-Socket River-Crossing 

Pipe. No obligation, naturally. 
Chicage 80, Illinois 


JAMES B. cLow Please send me, without obligation, 


| 

& SONS | details and specifications of Clow 

| Ball-and-Socket River-Crossing Pipe. 
| 

| 

| 

| 


JAMES &. CLOW & SONS 
201-299 North Talman Avenue 


201-299 North Talman Avenve Company 
Chicago 80, Illinois Street Addr 


City 
Ww Valve Co., Waterford, N.Y. 
lowe Valve Co., Oskaloosa, lowe 


Individual's Name 
Position 
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How Fairless Hills 


Raw well water with 30 parts per million of iron enters the double 
coke-tray Permutit Aerator (right) which oxidizes the iron and re- 
duces CO, Next step is the Permutit Precipitator (left) where 
lime is added to raise pH and precipitate the iron...clay to 
thicken the precipitates. The resulting floc forms a suspended 
sludge blanket that speeds the chemical reaction . . . makes it more 
complete. Final treatment is by 5 Permutit Pressure Filters which 
remove remaining traces of precipitated iron and turbidity to de- 
liver clear, iron-free effluent. 


| 
ang 


reduces iron from 
0.14 ppm! 


Fairless Hills, Pa., was built from the ground up to a 
community of 6,500 in less than 4 years . . . yet, because 
of good planning, there has never been a water supply 
problem. Before construction began, the search for wa- 
ter was underway. 

The first test wells were disappointing . . . couldn't de- 
liver enough. The nearest river water supply was too 
dirty and within the tidal basin. And when an adequate 
well water supply was discovered, it was acid and con- 
tained not just the usual few tenths ppm of iron but well 
over 30 ppm... 100 times the allowable standard! 

Since even a few ppm of iron are considered difficult 
to handle, 30 parts presents a real problem. Because of 
the efficiency of its unique sludge-blanket design, a 
Permutit Precipitator was provided under specifications 
prepared by Consulting Engineer Howard A. LeVan, Jr. 
of Harrisburg, Pa. The unit was guaranteed to reduce 
iron to not more than 0.3 ppm. 

“Now, the iron content is 0.14 ppm and the pH is 9.0. 
This equipment is doing a good job,” reports H. D. 
Markle, Chief Engineer for the builders. 

“In 29 years around the country, I've seen numerous 
Permutit installations doing a good job,” adds Township 
Sup’t of Sewage and Water Supply, W. W. Willis. 

It's easy to see why you should bring your water prob- 
lem to Permutit. Address: The Permutit Company, 
Dept. JA-5, 330 West 42nd St., New York 36, N. Y. 


Water Conditioning - lon Exchange 


PERMUTIT 


EQUIPMENT + RESINS + EXPERIENCE 


26 P&R 


JOURNAL AWWA 


COAL TAR 
ENAMELS... 
ASSURE 

ARMED PROTECTION 


Reilly Coal Tar Enamels . . . on the job 
... give long-lasting protection. 


REILLY COAL TAR ENAMELS 
HOT APPLICATION 
PIPELINE ° INTERMEDIATE 
230 APLASTICIZED © 230 AWWA 
HOT SERVICE 


Reilly Protective Coatings . . . always of 
uniform character and up to rigid specifi- 
cations because of controlled manufactur- 
ing methods... are known by Contractors, 
Engineers, and Owners to give “armed” 
protection. 


Racked up by a reliable producer, Reilly 
Coal Tar Enamels . . . with the unique 
protective properties inherent only in coal 
tar... tirelessly fight corrosion. 


MERCHANTS BANK BUILDING, INDIANAPOLIS 4, INDIANA ~ j eill, 
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HYDRO -TITE' 


(POWDER) 
For over 40 years HYDRO-TITE has been faith- 


fully serving water works men everywhere. Self- 
caulking, self-sealing, easy-to-use. Costs about 
1/5 as much as lead joints. Packed in 100 Ib. 
moisture-proof bags. 


(LITTLEPIGS) 


The same dependable compound in solid form 
—packed in 50 |b. cartons—2 litters of pigs 
to the box-——-24 easy-to-handle Littlepigs. 
Easier to ship, handle and store. 


(REELS) 


The sanitary, bacteria-free joint packing. 
Easier to use than jute and costs 

about half as much. Insures sterile 

mains and tight joints. 


Medtord tun, 


PER 27 | 
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WHEN OUR ATOM BOMB 
RUCK. HIROSHIMA 


CAST IRON WATER MAINS 


Were Practically Unharmed 


Never has the great shock resistance and beam 
strength of cast iron water mains been demonstrated 
so dramtically as in this epochal explosion. While 
it is to be hoped devoutly that no bomb will ever fall 
on this land of ours, water systems in many cities 
have at times been threatened by the severe tests of 
earthquakes, floods, tornadoes, and other strains and 
stresses. Since water is vital to the life of your com- 
munity at all times and under all conditions, it pays 
to specify the pipe that has been proved through 
centuries of service — permanent Cast Iron. 


* * * * * 


Woodward Iron Company does not manufacture Cast 
Iron Pipe but has long served many of the nation's 
leading foundries with quality pig iron from which 
permanent Cast Iron Pipe is made. 


W oopwarp Iron Company 
WOODWARD, ALABAMA 
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— 
| 
3 


May 1955 JOURNAL AWWA 


HIGH EFFICIENCY 


Cochrame ZEOLITE SOFTENERS 


provide easy, economical operations! 


> 


The Cochrane Hydromatic Single Control Valve provides 
positive, accurate control of ali phases of the 
softening and regenerating cycle. 

It is so simple to operate that no technical knowledge of the 
softening process or the equipment is required. 
High quality effluent is thus assured at a minimum cost 
and maximum delivery. 


Cochrane’s 91 years of water conditioning leadership and its 
complete line of equipment assures you unbiased 
recommendations for equipment to performance requirements. 
For the right answer to your water problem, call a 


Cochrane Engineer today. 100.14 


pew wees eee ee 

COCHRANE CORPORATION 

3124 N. 17th STREET, PHILADELPHIA 32, PA. 


Please send me o copy of your Publication 4520-A on your 
Zeolite Softeners with the Cochrane Hydromatic Single 
Control Vaive. 


Cochrane 
@ 87.6 @ 3 


3124 WN. 17th STREET, PHILADELPHIA 32, 


Compony 
Address 


tn Conede: Canodion General Electric Co. Toronto 
In Mexico: Babcock & Wilcox de Mexico, $A, Mexico City 
In Europe: Recuperation Therm que & Epuretion, Paris 
in Cube: Lovrence E. Donel, inc, Hovane 
In South America: Servicios Electricos, CA CA) Coreces, Venervelo 
Supply Co. 


> 
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Research . . . engineering . . . mechanical tests . . . 
laboratory tests...discussions...arguments 
. flow tests ... operating tests... field tests... 
... ideas, theories, plans... more research... 
more drawings ... more tests...on and on and 
on over the years! 


That’s the long road down which has come 
today’s specifications for M&H Valves & Hydrants. 


The “pay-off” is the world’s best Valve and 
Hydrant. 


No wonder that M&H business volume grew 
and grew, that the plant needed to be expanded 
time after time, that inevitable leadership in the 
industry should come to the M&H organization 
and its products. No wonder that field service 
under practical operating conditions should prove 
the exclusive advantages of M&H Valves and 
Hydrants. For details write M&H VALVE & 
FITTINGS COMPANY, Anniston, Alabama. 


ATER WORKS © FILTER PLANTS 
RY © SEWAGE DISPOSAL AND 
FIRE PROTECTION 


The World's Best Halve 
is THE “pay-OFF: 
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IT’S A LONG, LONG 
WAY BETWEEN JOINTS 


with steel pipe, that is! 


Forty, even fifty foot lengths are easy to come by in steel pipe! 
And you don’t need a slide rule to know what this means. Savin.gs. 
Savings because fewer joints are needed - and fewer supports. 
Savings from simpler hauling, easier handling in the field — from 
faster assembly and installation — and lower labor costs. 
And of course greater lengths add up to less chance of leakage 
which rings up bigger savings in your budget department. 
To make a long story short — you’re smart to specify steel pipe. 
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Chiorinetors in Houston was aede in 6-1929 under ay supervision, Since 
thet tiee the nuaber of your chierinetors hes Increesed to 55 at the 

tine, 


The aost recent instetiation wes test in your furnishing and instatting 
four ib, per day Chiorinetors af the Houston Water Purification Pient. 
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set isfectory performence. 


W&T WATER 
DIAPHRAGM EQUIPMENT 


stood 
the test 
of time...” 


At Houston’s San Jacinto Water System, W & T equipment — some 
of which is shown above — “has stood the test of time and has been 
used under many adverse conditions and always with satisfactory 
performance,” according to Mr. Clyde R. Harvill, Superintendent. 
This dependability and iong life result not only from proper design, 
but from the selection of the right parts and materials for every 
specific purpose. 

Since 1913, W & T research has consistently sought out new designs, 
principles and materials. Every new development is placed under 
rigid field tests to prove it can meet the exacting standards that 
dependable and economical chlorination demands. 

When you depend on W&T equipment, you have the assurance 
that 40 years of experience in the chlorination field is being used 
to bring you the best in design, parts and materials — selected to 
stand the test of time. 


“Make Your First Choiee WALLACE & TIERNAN INCORPORATED 


Equipment That Lasts.” 


25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 
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Missouri River Basin Development 
Dale L. Maftitt 


A revision of a paper presented on Apr. 23, 1954, at the Montana Sec- 
tion Meeting, Bozeman, Mont., by Dale L. Maffitt, Gen. Mgr., Water 


Works, Des Moines, Iowa. 


A GREAT deal has been written 
on the subject of development 
and utilization of land and water re- 


sources in the United States. The de- 
termination of the best long-range plan 
for the management of the great river 
basin projects is one of the major in- 
ternal problems of the nation. Pro- 
ponents of various plans have at- 
tempted to influence public opinion. 
Various commissions have been dele- 
gated the task of recommending a solu- 
tion to the problem. 

The Hoover Commission in 1949 
and the President’s Water Resources 
Policy Commission in 1950 were as- 
signed to study the problem. In 1947 
a nonpolitical group—the Engineers 
Joint Council—undertook an investi- 
gation of the development of the water 
resources of the country. The group’s 
purpose was to make recommenda- 
tions for legislation and administrative 
organization. 


The present development program 
in the Missouri Basin dates back about 
ten years. In 1944, under threat of a 
Missouri Valley Authority proposal, 
the US Army Corps of Engineers and 
the Bureau of Reclamation combined 
their two plans for flood control, irri- 
gation, and power development in the 
area. Prior to this time, the upper 
basin was allied with the Bureau of 
Reclamation, which focused first on 
irrigation and later on power develop- 
ment and flood control. The lower 
basin was identified with the Army 
engineers, which was first concerned 
with navigation and later expanded 
into flood control and hydroelectric 


power. 
Basin Topography 


The Missouri River Basin is a vast 
region, more than 1,300 miles long and 
700 miles wide. The river, over 2,400 
miles long, has its origin at Three 
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Forks, Mont., where three mountain 
streams unite. It flows north through 
the mountains and east across the great 
plains into North Dakota, then south 
and southeast until it joins the Missis- 
sippi, 17 miles north of St. Louis. 

The river has an average slope of 
slightly less than 1 ft per mile down- 
stream from the Montana-North Da- 
kota line. Below Sioux City, lowa, it 
winds along a valley 14-17 miles wide, 
flanked on both sides by bluffs. There 
are 30 tributaries varying in length 
from 100 to 1,000 miles, draining areas 
varying in size from 2,000 sq miles to 
90,000 sq miles, as well as countless 
minor branches. 

The watershed of the Missouri River 
and its tributaries extends over one- 
sixth of the land area of continental 
United States, and includes all or part 
of ten states, as well as 9,700 sq miles 
of Canada. The watershed covers 
529,300 sq miles, extending from St. 
Louis in the southeast, to Glacier Na- 
tional Park, Mont., in the northwest, 
and from Denver, in the southwest, to 
Bismarck, N.D., in the northeast. 
History shows that this area has often 
been subjected to intermittent periods 
of drought and disastrous floods. Part 
of it has an abundance of rainfall and 
part is semiarid country. Normally 
the problem of the upper basin is lack 
of water, so that irrigation is impor- 
tant. In the lower basin, water is 
more plentiful, and navigation and 
power interests become evident. 

To demonstrate the uncertainty of 
weather, in 1953 Missouri was a 
drought area and was forced to seek 
assistance to secure hay for livestock. 
Two years earlier, in 1951, Missouri 
and Kansas had been ravaged by 
floods, which caused millions of dollars 
of damage. Early in 1952, late snows 


DALE L. MAFFITT 


Jour. AWWA 


on the northern plains and a sudden 
thaw had again brought a severe flood 
in the usually arid middle and upper 
reaches of the Missouri river. 


Federal Projects 


Uncertainty of water resulted in the 
introduction of irrigation practices on 
the western tributaries by 1860. The 
early individual projects were small, 
but as they expanded, cooperative or- 
ganizations were formed. In 1903 the 
Bureau of Reclamation was given au- 
thorization for irrigation projects on 
the Milk River in Montana and the 
North Platte River in Wyoming and 
Nebraska. These were the first fed- 
eral projects for providing water to 
lands in the Missouri Basin. 

The Corps of Engineers has been 
responsible for river and harbor work 
since 1824, its interests for a long time 
being navigation and flood control. It 
was not until 1929 that comprehensive 
studies of the principal river basins in 
the Missouri River watershed were 
made by this agency. In 1933 the 
Corps was authorized to construct the 
Fort Peck dam and reservoir in Mon- 
tana as a navigation aid and in 1936 
Congress, recognizing that destructive 
floods are a menace to national wel- 
fare, authorized its construction of con- 
trol works in the basin, provided that 
the benefits seemed to justify the cost. 
About this time, the Bureau of Recla- 
mation developed a coordinated plan 
for full use of the Missouri waters to 
assure irrigation in the semiarid states 
of the upper basin and flood control 
and navigation in the lower basin, as 
well as power and other benefits. 

In the early 1940's it was becoming 
apparent that there was an overlapping 
of interests among the various agen- 
cies. The states in the basin volun- 
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tarily formed the Missouri River States 
Committee to act as a coordinating 
body. This group is made up of the 
governors of the ten states in the basin, 
together with appointed representatives 
of the governors. The committee 
joined with the federal agencies in 
working out a comprehensive scheme, 
commonly known as the Pick-Sloan 
Plan, authorized by Congress in the 
Flood Control Act of 1944, and has 
continued an active interest in the huge 
development program. 

The Flood Control Act of 1944 rec- 
ognized the rights of the states in de- 
termining the development of water- 
sheds within their borders, as well as 
their rights in water utilization and 
control. The program which grew out 
of the federal authorization proposed 
construction of multipurpose reser- 
voirs, irrigation of millions of acres of 
land, opening of navigation, building 


of hydroelectric plants, and control of 


floods, in addition to other related 
benefits, such as recreational facilities 
and health improvement. 

Costs, as presently envisioned, are 
estimated at $11,244,265,000. It is 
understandable that estimates have in- 
creased each year as construction costs 
have continued to rise, even though 
the program may be proceeding, in 
general, according to the original plan, 
which called for 137 dams to be com- 
pleted in the next 50-75 years. The 
project provides for construction by 
the Corps of Engineers of five reser- 
voirs on the Missouri River in addi- 
tion to the Montana Fort Peck Dam, 
authorized in the 1930’s and now com- 
pleted. The Garrison Dam in North 
Dakota and Fort Randall Dam in 
South Dakota are rapidly reaching the 
point where they will be able to func- 
tion effectively. Garrison Dam started 
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impounding water in 1953, and is ex- 
pected to begin power generation in 
1955. In a ceremony on Mar. 15, 
1954, the first of the eight generators 
at Fort Randall Dam was put into op- 
eration, and power production is to be 
increased progressively as new units 
are completed. Power and navigation 
demands are increasing as facilities be- 
come available. 

Uncertainties of weather again pre- 
sent new problems. The first 1955 
water supply forecast of the U. S. 
Dept. of Commerce, made in January, 
indicates there may be a water and 
power shortage on the Missouri River 
this summer. Winter snow, which, in 
large measure, supplies the summer's 
water, has rarely been lighter in the 
basin area. Snow and water piled up 
behind Fort Peck Dam was only 60 
per cent of normal. Over the Yellow- 
stone Basin. September—December 
precipitation was 55 per cent of what 
it should be (7). 

Construction of Oahe Dam in South 
Dakota is moving along slowly. The 
two other main river dams—Big Bend 
(primarily a power dam), in central 
South Dakota, and Gavins Point, on 
the South Dakota—Nebraska border— 
are in the advanced planning stage. 
These installations on the main stem 
will give flood protection, as well as 
irrigation and power benefits. At Fort 
Peck Dam, power installations will 
provide 165,000 kw; Garrison will 
provide 400,000 kw; Fort Randall will 
provide 320,000 kw; Gavins Point will 
provide 100,000 kw; and Oahe will 
provide 425,000 kw. Reservoirs 
which are primarily for flood control 
or navigation are being built on tribu- 
taries of the Missouri River by the 
Corps of Engineers. Reservoirs de- 
signed primarily for irrigation pur- 


| 4 


422 


poses are being constructed by the Bu- 
reau of Reclamation, 


Basin Committee 


In its authorization of the Flood 
Control Act of 1944, Congress pre- 
sumed that the agencies of the federal 
government designated to carry out 
the plan would voluntarily work to- 
gether. To further this end, the Mis- 
souri Basin Inter-Agency Committee 
was established in April 1945. The ten 
basin states are represented on this 
committee by their governors; federal 
members represent the Dept. of the 
Interior, Corps of Engineers, Dept. of 
Agriculture, Federal Power Commis- 
sion, Dept. of Commerce, and the Pub- 
lic Health Service. The committee is 
not set up by law and exercises no ad- 
ministrative controls. It relies for its 
effectiveness on the determination of 
its member agencies, both federal and 
state, to work together on a voluntary 
basis toward a common goal. Neither 
the Inter-Agency Committee nor the 
Missouri River States Committee has 
any legal status. The two committees, 
however, have made a studied effort 
to keep the public informed of the 
many details of the program, the prog- 
ress being made, and the problems of 
coordination continually arising. It 
has been pointed out that the first steps 
and the final authority for coordination 
of the basin program rest with the 
Congress and the state Legislatures. 
Administrative coordination can pro- 
ceed only within the limits of authority 
established by law and the appropri- 
ations that permit each phase to pro- 
ceed in proper sequence, 

The Missouri River States Commit- 
tee has been an important instrument 
of the basin in appearing before con- 
gressional committees to promote the 
general interest of the basin states and 
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in securing the appropriation of funds 
for projects under construction or con- 
templated. Another function has been 
to acquaint the people of the several 
states with the possibilities and pur- 
pose of this great development pro- 
gram. It could be said that this com- 
mittee acts as a connecting link be- 
tween the people of the area and the 
Inter-Agency Committee, the latter 
being more directly associated with the 
construction and operation of the de- 
velopment program. 

As early as 1949 it was recognized 
by those in close contact with the basin 
program that the facilities were rapidly 
getting into the operational stage, and 
that it would be desirable to have an 
overall body to direct the operation 
of the completed projects. The mem- 
bers of the two committees were 
agreed that the public should be made 
to realize the problems involved in the 
various proposals for the Missouri 
Basin development and management. 
It was the committee’s feeling that citi- 
zens in the basin area would not favor 
a Missouri Valley Authority if they 
were fully informed about the dangers 
involved, but would prefer a plan of 
operation which would preserve demo- 
cratic control in the hands of the peo- 
ple most vitally concerned. 


Basin Compact and Commission 


It was felt that these two committees 
had been successful in coordinating 
the planning and construction phases 
of this great multipurpose project. It 
did appear that some organization 
based upon the law of the land should 
have jurisdiction over all phases of the 
development in the future, particularly 
as additional units are completed and 
put into operation. For that reason, 
in December 1949, the Missouri River 
States Committee requested the Coun- 
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cil of State Governments to undertake 
a study of the problem. A proposed 
compact, under which the Missouri 
Basin construction program could be 
completed and through which, by law, 
there could be set up a joint agency 
of the states and the federal govern- 
ment to supervise and regulate the 
functions, as far as their respective 
interests were concerned, was prepared 
by the Council of State Governments 
and presented to the Missouri River 
States Committee. After study, a re- 
vised draft was prepared in printed 
form in January 1953. The proposed 
compact was again reviewed and cer- 
tain changes made in wording at a 
meeting of the committee in December 
1953. 

The idea is not new, but the pro- 
posed Missouri Basin Compact is un- 
like previous agreements in that the 
United States will become a full party. 
The ordinary compact, although rais- 
ing a federal question for jurisdictional 
purposes, is only state law, while this 
Missouri River compact will be a fed- 
eral statute as well. Representatives 
from the various states of the basin 
and from the federal government will 
constitute a Missouri Basin Commis- 
sion, whose function will be to admin- 
ister the compact, the purpose of which 
(given in Article 1) will be: 


... to facilitate the expeditious agri- 
cultural, industrial, and recreational de- 
velopment of the Missouri River Basin 
through a unified intergovernmental pro- 
gram for the management, conservation, 
utilization, and development of the land 
and water resources of that Basin. 


The explanatory statement preced- 
ing the proposed compact proper says: 


It appears that effective development 
of the Basin’s water and land resources 
requires a new type of regional organiza- 
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tion, one which is tailored to fit the 
Basin’s special needs. Such a regional 
organization for the Missouri Basin, it 
is believed, should: [1] assure a high de- 
gree of Basin-wide coordination; [2] 
provide for effective participation both 
by the states of the region and by the 
national government in the formulation 
of basic, broad policy; and [3] utilize 
established governmental agencies in the 
construction of facilities and in the opera- 
tion of programs. 

The suggested Missouri Basin Compact 
is an interstate compact among the signa- 
tory states, and between the states and 
the national government... . 

The Commission is not empowered by 
the compact to engage in any regulatory 
or operational activities. It is prohibited 
from drawing specific construction plans 
for particular projects and from engaging 
in any construction work. These func- 
tions are to be carried on by other agen- 
cies of the participating governments. 

The Commission is charged with [1] 
formulating overall plans for the devel- 
opment of the Basin’s water and land re- 
sources; [2] reviewing proposed con- 
struction and operational plans to deter- 
mine whether such proposals are con- 
sistent with the overall plans for the 
Basin’s development which the Commis- 
sion has approved; and [3] reviewing 
actual operations to determine whether 
approved plans are being carried out 
properly... . 

The compact specifically states that 
none of its provisions should be construed 
to affect state or federal laws as they per- 
tain to water rights, nor to restrict the 
jurisdiction of existing agencies of any 
member government. 

Basically, the Commission’s powers are 
recommendatory only. But the official 
character of the body as an organic 
agency of the Basin’s states and of the 
national government will endow its rec- 
ommendations with considerable weight; 
such recommendations will receive care- 
ful consideration by legislative and execu- 
tive officials of the member governments. 
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Congressional Legislation 


The Missouri River States Commit- 
tee, at its meeting in June 1954, agreed 
that before the states could proceed to 
negotiate such a compact between the 
ten states and the federal government, 
it would be necessary to have the au- 
thorization of Congress. The com- 
mittee had prepared a bill to authorize 
the basin states to proceed with the 
adoption of the Missouri River Basin 
Compact. The proposed legislation 
had been introduced as Senate Bill No. 
2821. 

A resolution was adopted by the 
Missouri River States Committee at 
the June 1954 meeting to the effect 
that representatives of the committee 
should request the passage of Senate 
Bill No. 2821, because the proposed 
legislation conformed to the type of 
compact authorization the Missouri 
River states favored. Several other 
bills had been introduced into Con- 
gress advocating other methods of 
management of the basin projects. 
Senate Bill No. 2821 ultimately passed 
the Senate in a substantially revised 
form, but did not pass the House. 

The matter of compact authorization 
was reviewed at a meeting of the Mis- 
souri River States Committee in De- 
cember 1954. Opinion was divided on 
the method of authorization. Several 
members favored the principles con- 
tained in the compact, but proposed 
that there should be an act of Con- 
gress which would be more inclusive 
and embody most of the principles of 
the compact in the legislation. It was 
agreed that another attempt should be 
made to get an authorization of the 
compact, by enabling legislation, dur- 
ing the 1955 session of Congress. If 
this should not be successful, the com- 
mittee made up of the new governors 
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taking office in 1955 should decide 
what further steps should be taken. 

The proposed bill was introduced 
in the House of Representatives on 
Jan. 5, 1955, as H. R. 109. The bill 
was referred to the Committee on In- 
terior and Insular Affairs. The text 
of H.R. 109 follows: 


A BILL To grant the consent of Con- 
gress to the States of Colorado, Iowa, 
Kansas, Minnesota, Missouri, Montana, 
Nebraska, North Dakota, South Dakota, 
and Wyoming to negotiate and enter into 
a compact relating to the conservation, 
development, and utilization of water, 
land, and other related resources of the 
Missouri Basin and for other purposes. 

Be it enacted by the Senate and House 
of Representatives of the United States 
of America in Congress assembled 
That the consent of Congress is hereby 
given to the States of Colorado, Kansas, 
lowa, Minnesota, Missouri, Montana, 
Nebraska, North Dakota, South Dakota, 
and Wyoming, or any six or more of 
them, to negotiate and enter into a com- 
pact with each other and with the United 
States of America, providing for means 
for the attainment of the conservation 
and development of the land and water 
resources of the Missouri Basin, through 
a basin-wide, comprehensive program for 
the unified planning, development, and 
operation of those resources, integrating 
the resource development programs and 
operations of agencies of the United 
States and of the States, and for securing 
effective coordination and cooperation be- 
tween the States and between the United 
States and the States: Provided, That 
existing compacts between the States and 
decrees of the United States Supreme 
Court relating to any of the waters of 
the Missouri River or its tributaries shall 
be fully recognized: Provided further, 
That any compact negotiated pursuant 
to this Act shall provide that the use for 
navigation of waters arising in States 
lying wholly or partly west of the ninety- 
eighth meridian shall be only such use 
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as does not conflict with any beneficial 
consumptive use, present or future, in 
States lying wholly or partly west of the 
ninety-eighth meridian, of such waters 
for domestic, municipal, stock water, ir- 
rigation, mining, or industrial purposes. 

Sec. 2. The President is authorized to 
appoint a commissioner to represent the 
United States in such negotiations, who 
shall make a report to the President and 
to Congress of the proceedings and of 
any compact entered into. 

Sec. 3. Any such compact shall not be 
binding or obligatory upon any of the 
parties thereto unless and until the same 
shall have been ratified by the legislatures 
of each of the States whose assent is con- 
templated by the terms of the compact, 
and by Congress. 

Sec. 4. There is hereby authorized to 
be appropriated such sums as may be 
necessary or appropriate for administer- 
ing the provisions of this Act. 


Conclusions 


If this proposed legislation is en- 
acted, the next step to be taken by the 
Missouri Basin states will be the nego- 
tiation of a compact. If it is not en- 
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acted, then some other plan of opera- 
tion and management must be con- 
sidered. In the meantime, the members 
of the Missouri River States Com- 
mittee and the Missouri Basin Inter- 
Agency Committee feel that they can 
continue to solve problems, as they 
arise, in the same spirit of cooperation 
which has brought results in the past, 
as development of the basin has gone 
forward. They also feel that citizens 
in the Missouri Basin area would not 
favor a Missouri Valley Authority (or 
any other agency of the federal gov- 
ernment) at the administrative head of 
the operation and management of the 
projects in the area. 

The members of these committees 
believe that they should move slowly 
in setting up the plan of management, 
to the end that democratic control 


should remain in the hands of the most 
vitally concerned people—those who 


live in the Missouri River Basin. 


Reference 
1. Business Week, p. 56 (Jan. 29, 1955). 
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Central Dispatching for Distribution Systems 


R. M. Collie 


A paper presented on Oct. 19, 1954, at the Southwest Section Meeting, 
El Paso, Tex., by R. M. Collie, Partner, Freese, Nichols & Turner, 


Cons. Engrs., Houston, Tex. 


PPLICATION of central- 

dispatching methods to the op- 
eration of water distribution systems 
is receiving increasing interest. Dis- 
patching is the prompt and orderly 
control and allocation of a commodity 
or service. When performed in a cen- 
tral location, the function is known as 
central dispatching, and the person ex- 
ercising control is called the dispatcher. 
Everyone familiar with railroad or 
public-transit dispatch operations is 
well aware that in these service fields 
firm central control is a necessity for 
any degree of intelligent operation. 
Dispatching in gas, electric, and pipe- 
line operations also has proved to be 
essential, if the utilities are to perform 
efficiently. 

In the water works field, central dis- 
patching has not yet received the at- 
tention, nor has the extent of applica- 
tion experienced in the utilities previ- 
ously mentioned. This is not to say 
that the methods of central dispatching 
have been resisted, but rather that the 
advantages have perhaps not been fully 
realized. Basic  central-dispatching 
operations require the collection of 
concurrent information on pumping 
station flows and pressures, distribu- 
tion system pressures, storage in reser- 
voirs and tanks, and other vital infor- 
mation. These data must be received 
simultaneously and immediately in 


order to form the basis for constant 
direction of the system operations by 
a person in central authority. A con- 
tinuous flow of information enables 
him to know whether or not orders 
are being executed and also permits a 
prompt spotting of abnormal condi- 
tions. This information and control is 
necessary for satisfactory and economi- 
cal operation of a complex water 
system. 


Need for Dispatching 


Dispatching is, of course, applied in 
its elementary form even to the smaller 
water systems, where there is one 
source of supply, one pumping station, 
and, perhaps, one overhead storage 
tank serving a community. The opera- 
tor knows from experience approxi- 
mately what the water requirements 
will be and the desirable output pres- 
sure, depending upon the time of day 
and the season of the year. He knows 
the water level in the overhead tank 
by observing some type of gage, and 
when the fire alarm is heard, he is 
prepared to furnish the additional 
water. The operator is personally ac- 
quainted with the distribution system 
and sources of water supply, and can 
detect any serious trouble soon after it 
develops. Thus, in a small system the 
functions of dispatching are intimately 
associated with the function of plant 
operation, and both of these functions 
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are carried on in one location by a sin- 
gle individual. 

A more complicated situation arises 
when a second pumping station supply- 
ing a distribution system is considered. 
The two stations may have independent 
sources of water supply, or one station 
may be a satellite. It is necessary that 
the operations of the two stations be 
coordinated to effect balanced system 
performance. Possibly, the operators 
in both stations are thoroughly familiar 
with the distribution system being sup- 
plied and the local variations to be ex- 
pected, and can operate largely inde- 
pendently of each other. Nevertheless, 
it is necessary that some form of con- 
trol be in operation between the two 
stations so that the total load can be 
apportioned between them and so that 
emergency conditions can be accommo- 
dated. This control may be handled 
quite informally over the telephone, 
but it is present, nevertheless. 

As the system becomes larger and 
larger, and as more pumping stations 
are added, it becomes so complicated 
that the operators at any one station 
can be sure of little more than their 
own station pumpage and pressure. 
They have no basis upon which to 
judge the effect of their operations on 
surrounding stations, or on the distri- 
bution network. If major trouble de- 
velops, operators at the various pump 
stations may not know about it, or, if 
they do, are not in a position to deter- 
mine the proper corrective measures 
to be taken at each station. The co- 
ordination required under these cir- 
cumstances is the function of central 
dispatching. The dispatcher instructs 
each station on how to correct pumping 
and pressure, checks for compliance, 
and observes pressures at critical loca- 
tions throughout the distribution net- 
work. He can promptly detect any 
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abnormal condition and, depending 
upon basic instructions, can either take 
corrective action directly or report the 
situation to others responsible for such 
steps. 


Houston Distribution System 


Houston provides an excellent ex- 
ample of the development of a large 
and complex water distribution system 
where there is a need for a central- 
dispatching program. The system 
serves an area of 155 sq miles and, 
with eight major pumping stations and 
thirteen small stations, distributes 
water through 1,475 miles of water 
lines in sizes from 2-in. to 36-in. 
Forty per cent of the water-line mile- 
age consists of 2-in. pipe, and there are 
190, 380, and 135 miles of 6-in., 8-in., 
and 12-in. mains, respectively. The 
pumping capacities of the eight major 
stations vary from 13 mgd to 60 mgd, 
with a total capacity of 265 mgd. 

As may be expected, the Houston 
system has inherent peculiarities which 
probably are not found in any other 
installation of comparable size. Until 
the recent completion of the San Ja- 
cinto River supply system, all of the 
water for Houston was pumped from 
wells. As the city grew, additional 
well fields were developed and pump- 
ing stations built to serve the surround- 
ing areas. Thus, Houston has today 
what amounts to seven separate large 
systems, each complete with wells and 
pump station, plus the new surface 
supply. These various systems are, 
of course, loosely connected together, 
but there is an absence of large arte- 
rial mains usually found in a distribu- 
tion system the size of Houston’s. 
This accounts for the small line sizes 
described. 

The development of the San Jacinto 
River system introduces the problem 


on 


428 


of a major new supply, potentially 
larger by far than the aggregate ca- 
pacity of the seven ground water sys- 
tems. Located on the margin of the 
city, the supply requires an entirely 
new system of arterial mains to feed 
the water into the established system. 
The seven ground water systems are 


referred to as the: Heights plant, 
Northeast plant, East End plant, 


Scott Street plant, South End plant, 
Southwest plant, and Central plant. 
In addition, thirteen small, fringe sys- 
tems are supplied by plants consisting 
of one or two deep-well pumps, a 
ground storage tank, and a _ booster 
pump or an elevated tank. The ca- 
pacities of these pl: nts vary from 2,000 
gpd to 1.2 mgd. 

The Channel pump station is the 
eighth major installation. It supplies 
treated surface water from the recently 
completed purification plant. At the 
present time, the water is pumped 
through a 36-in. line into the North- 
east area, taking over in part areas 
previously served by the Northeast, 
East End, and Central plants. At a 
future date, two large mains will be 
extended from the Channel pump sta- 
tion and will take over areas presently 
supplied by the East End, Scott Street, 
and South End plants. These three 
installations will be retired from serv- 
ice as their wells wear out. 

In addition, there is the industrial 
system supplying raw San Jacinto 
River water to industry along the ship 
channel. The installation has a capac- 
ity of 75 mgd. The industrial-water 
system is, of course, completely inde- 
pendent of the potable-water system, 
but it does secure its supply from the 
same canal, 14 miles long, that supplies 
water to the treatment plant. The in- 
dustrial distribution system must be 
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independently controlled in its distri- 
bution function, but the source of water 
to the industrial pump station and to 
the purification plant must be coordi- 
nated and dispatched, because it comes 
down the same canal from the dam on 
the San Jacinto River. Dispatching 
in the raw-water system must be based 
on an 8-hour anticipation of water re- 
quirements. This period is the time 
necessary for an increase or decrease 
of water flow from the pump station 
at the San Jacinto River to be felt at 
the purification plant and industrial 
pump station. 


Central-Dispatching Need 


Operating a water system as large 
and complex as Houston’s is a de- 
manding job. Without a well or- 
ganized central-dispatching system, it 
can be (and has been) an extremely 
difficult one. The rapid growth of 
Houston over past years has kept the 
city hard pressed for funds to provide 
required utility service, without any 
refinements. Nevertheless, the utilities 
department has managed to operate 
the water system by making telephone 
calls to the various plants to secure 
operating data and to issue instruc- 
tions. This is a slow and laborious 
and not very accurate process. There 
is no satisfactory way to determine if 
instructions are being carried out. 
Early in 1953, the city council author- 
ized a central-dispatching system, and 
studies were promptly undertaken. 
Work is going forward, but as yet the 
system is not complete. 

The need for a central-dispatching 
system was strikingly demonstrated in 
October 1954. The Channel pump sta- 
tion went into service in late summer 
1954, and the 20-23 mgd that was 
being fed into the northeast areas had 


May 1955 


very little effect upon the East End, 
Central, and Northeast plants. There 
were some complaints about tastes 
caused by reversal of flow in the mains, 
but this situation soon cleared up. 
Eventually, however, the seasonal re- 
duction in water consumption, together 
with the continued 20-23 mgd output 
from the channel pump station (re- 
quired for economical operation ) , upset 
the functioning of the water system in 
the eastern half of the city. Pressure 
rose as much as 20-25 psi above nor- 
mal in some areas, and it was neces- 
sary at one time to shut down the East 
End plant and to reduce greatly the 
pumpage at the Northeast and Central 
plants. There were many complaints 
about high pressure, low pressure, and 
tastes caused by flow reversals. The 
trouble was gradually worked out in a 
few days, but if the central-dispatching 
system had been in operation at that 
time, the situation would not have been 
allowed to develop. A few orders over 
the radio network or the telephone by 


the central dispatcher would have 
averted the difficulty. 
Selecting Equipment 

In selecting a telemetering and 


central-dispatching setup for the city’s 
water system, basic considerations 
were given to the information to be 
collected and the means of transmitting 
the data to the central-dispatch board. 
It was decided to receive flow and 
pressure information from the eight 
larger pump stations, and pressure in- 
formation from five additional stra- 
tegic points on larger water mains, 
remote from the pumping stations. It 
was not necessary to cover the smaller 
stations, as they could be operated un- 
attended and on a prearranged sched- 
ule. The main instrument panel at the 
central-dispatching board was ar- 
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ranged to mount recording-indicating- 
totalizing instruments to receive the 
flow quantity data from each of the 
eight stations. One instrument records 
and indicates the integrated total flow 
for all stations. In addition, there are 
thirteen instruments recording and in- 
dicating pressure at the eight stations 
and the five additional pressure points. 
The data received from the central- 
intelligence board indicates the pres- 
sure existing at the various points of 
the whole system, and by comparison 
of individual station flow with known 
station capacity, the dispatcher can de- 
cide which stations should increase or 
decrease output. Also included are 
flow and pressure recorder-indicators 
for the industrial pump station which 
handles untreated water. 

Cost studies quickly revealed that 
leased telephone circuits provided the 
least expensive means for transmitting 
information to the central-dispatch 
board. Construction costs of private 
circuits, much of which would have 
had to be underground, were prohibi- 
tive. A radio network was also con- 
sidered, but this idea was discarded be- 
cause of high costs. Only a single tele- 
phone circuit from each source of in- 
formation is required for transmission 
of multiple signals, because several! 
separate signals can be transmitted by 
utilizing sequence transmission equip- 
ment for time-duration pulse signals, 
or by employing filters for continu- 
ously transmitted frequency modula- 
tion signals. 


Equipment Location 


As soon as the listing of the instru- 
ments to be installed on the main panel 
was completed and the physical size 
of the panel determined, it was neces- 
sary to select a suitable location. The 
ideal instrument board would have a 
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solid front with walk-in space behind, 
needing a room about 30 ft long. It 
was required, too, that the room be 
separate from other facilities and offices 
and that it contain only the panel and 
space for the dispatcher’s desk. It had 
previously been determined, on the 
basis of monthly telephone company 
charges for leased lines, that the use of 
either the city hall or the central pump- 
ing station would obtain minimum 
monthly cost. Because of lack of suit- 
able space in the city hall, as well as 
the fact that the central pumping sta- 
tion is one of the city’s maintenance 
headquarters, it was decided to place 
the main panel at the station. 

An old plant, it is still operated on 
steam. The building is large and only 
partly occupied by pumping equipment. 
The structure has a very high ceiling 
and a below-grade pump room floor. 
Space was available in the building, 
but a complete office would have had 
to be built, supported on columns above 
the basement pump room floor. As a 
roof, a floor, and three walls would 
have had to be constructed, as though 
the office were an outside building, it 
was decided to use an existing walled 
space which had been serving as a chlo- 
rination room. The disinfection equip- 
ment was removed and installed in an 
extension of the office. The vacated 
space was about 9 ft by 16 ft. The 
room was rewired and provided with 
fluorescent lighting fixtures. A win- 
dow model air-conditioning unit was 
installed, the front flush with the in- 
strument board, and the rear extending 
through the wall behind the panel. 


Equipment Design 

The limited space available for the 
main instrument panel dictated the 
type and arrangement of the board. 
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First, it was necessary to make the 
panel U-shaped. Second, it was re- 
quired to make the panel shallow in 
depth and to mount the instruments 
on doors. Third, the panel had to be 
built in 38-in. sections, which could be 
moved into the office through the door 
and then assembled. The arrangement 
resulted in having the dispatcher’s desk 
just inside the door, with four 38-in. 
panel sections in front of the desk, one 
section on the left, and two sections 
on the right. Specifications for the 
instrument panel required hidden re- 
movable pin-type hinges, with two 
full-length doors for each panel sec- 
tion. Recording-indicating instru- 
ments were mounted on the doors 
which are normally closed. Chrome- 
plated latches are practically flush with 
the panel front, and engage a floating 
nut to keep the door locked at all times. 
Extra-flexible, switchboard cable to the 
instruments allows for the swing of 
the door when it is necessary to gain 
access to summator and signal se- 
quence devices mounted inside the 
board. The resulting panel front is 
continuous, with only vertical division 
lines between door and panel sections. 

The writing of specifications for the 
instruments was comparatively simple, 
inasmuch as standard instruments of- 
fered by several manufacturers were 
acceptable. The specifications were 
functional, except in naming the type 
of mountings, instrument cases, chart 
drives, and other details. 

A good deal of ground work was 
necessary in order to check and tabu- 
late the existing primary flow-sensing 
devices, so that the equipment offered 
by the various bidders would function 
with existing apparatus. The capacity 
of each station had to be checked, and 
the range of each instrument specified. 
In order to describe completely the in- 
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stallation at each station, suitable loca- 
tions for all instruments had to be se- 
lected and sketches prepared, desig- 
nating the location of each instrument 
to be furnished. The specifications 
also had to outline in detail the exact 
items of work to be performed. At 
the pressure check points, city forces 
were to make the main-line taps, and 
to extend pressure tubing up to the 
instrument location. Much of the 
labor in developing the specifications 
consisted of field surveys and careful 
notations of existing installations and 
narrative descriptions of required 
work. 

Appreciable economies in instrument 
costs were effected by keeping the vari- 
ous requirements to a minimum. Be- 
cause all the plants had pressure and 
flow indicators and recorders, the 
transmitters were all specified as non- 
indicating. Even the pressure check 
transmitters at the five pressure check 
points were nonindicating, and it was 
found economical to have standard 
pressure gages mounted on the pres- 
sure line next to the transmitters. 

The most difficult feature of the 
whole system was the necessity of tak- 
ing signals from primary devices uti- 
lizing propeller-type meters. Some of 
the pump stations had as many as three 
of these flow meters. At least one sta- 
tion had both a propeller meter and a 
venturi type of primary device. The 
problem was to convert the rotating 
motion of the propeller meter to an 
electrical signal, which could be 
summed with signals from other pri- 
mary devices and transmitted through 
the sequence transmission equipment. 
This task limited the number of manu- 
facturers who could bid on the instru- 
ments, because many companies could 
not furnish the necessary adapters. 
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The signals were to be transmitted 
over leased telephone wires, so the 
type of signal to be used for the tele- 
metering had to be acceptable to the 
telephone company. At first it was 
thought desirable to have a_ time- 
duration 15-sec cycle signal, commonly 
used for telemetering. A special trans- 
mitter would not have been required 
for the telemetering of the four func- . 
tions from the water purification plant, 
as 15-sec cycle equipment is used 
throughout the installation. The first 
set of specifications required such a 
signal; it was thought that several 
manufacturers would be able to supply 
the instruments. This proved to be 
wrong, however, although one manu- 
facturer, normally using a frequency- 
modulated signal, could furnish the 
intraplant transmitting equipment 
which used the 15-sec cycle signal at 
the treatment installation. In order to 
develop competition in bidding, it was 
necessary to issue new specifications 
permitting the use of frequency- 
modulation and 15-sec cycle signals. 
Keen competition developed, and the 
manufacturer with the time-duration 
15-sec cycle signal was low bidder with 
a very reasonable price. 


Equipment Bids at Houston 


Houston’s experience in taking bids 
for the telemetering facilities should be 
of interest. Preliminary estimates in- 
dicated that a complete telemetering 
facility could be purchased and in- 
stalled for approximately $4,000 per 
pump station, and about $1,000 per 
pressure check point. The usual pro- 
cedure of taking bids for a complete job 
was followed. It developed that only a 
few local electrical contractors bid on 
the work. Apparently they had re- 
ceived quotations at the last minute 
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from one manufacturer, and had added 
about 75-80 per cent of the instrument 
cost. This placed the total bid in the 
neighborhood of $7,500 for each pump 
station and $2,000 for each pressure 
check point. Actually, the bids were 
more than 50 per cent over the engi- 
neer’s estimate. All the offers were 
thrown out, and new bids were taken 
for instruments only. Two manufac- 
turers bid on the instruments, and the 
prices were within the original esti- 
mate, It appears that the city will be 
able to have the complete facilities in- 
stalled at the costs initially anticipated. 

Houston’s plan is to take bids on the 
main instrument board as “factory 
wired.” This term means that the 


manufacturer will fabricate the panel, 
install and wire all the instruments, 
and then deliver and install the board 
at the central-dispatching station. By 


this method, all the wiring on the 
main panel is installed in the manu- 
facturer’s shop at considerable saving 
over a field-wiring job. The saving 
is appreciable, because the bulk of the 
wiring for the whole system is in the 
main board. The panels are made in 
38-in. sections and the manufacturer 
arranges the wiring so that it is easily 
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disconnected and reconnected during 
the final assembly in the central- 
dispatching station. 

To complete the installation of the 
system, bids are to be taken for setting 
in place the various instruments at the 
pumping stations and pressure points. 
With all the drawings of instruments 
and wiring diagrams available, it has 
been possible to describe in detail the 
work of installation. As a result, it 
has been expected that very reason- 
able bids are to be received for the 
work and that the final total cost 
will be within the estimates and 
appropriations. 


The experiences of Houston in con- 
struction of a telemetering system indi- 
cate that it is quite economical to pur- 
chase instruments and panel boards 
separately and have installation of the 
components performed by a contractor 
or city forces. A telemetering system 
for a city the size of Houston is so 
small that large engineering contrac- 
tors who have experience with instru- 
ments will seldom undertake the job. 
Further, local commercial electrical 
contractors are often either unable or 
unwilling to undertake this work. 


Remote Control in Water Systems 


E. Wylie Head: 


A paper presented on Nov. 8, 1954, at the Florida Section Meeting, 
St. Petersburg, Fla., by E. Wylie Head, Sales Mgr., Control Corp., 


Minneapolis, Minn. 


URING the past several years the 
terms “supervisory control” and 
“telemetering’” have been heard more 
and more frequently in the water 
works field. Supervisory control is the 
control of equipment at a distance and 
the supervision, by means of signals, of 
the status of this equipment. 
Supervisory control and telemeter- 
ing were first used on a limited scale 
by the electric utility industry in the 
late 1920's. Since World War II this 
industry has made extensive use of 
such equipment, and most sizable util- 
ity systems have some in service. At 
present there are several water systems 
using supervisory control and _ tele- 
metering. Operations usually per- 
formed by supervisory control include 
the starting and stopping of pumps and 
the opening and closing of valves. 
Operations performed by telemetering 
include remote meter readings of tank 
or reservoir levels, pressure, and flow. 
Both supervisory control and tele- 
metering can be used to control various 
pump programing schedules. 


Reasons for Use 


There are three principal reasons 
why there is such an increasing interest 
in these two items by water works 
engineers. The first, and perhaps most 
important, cause is the increasing cost 
of labor at pumping stations and simi- 


lar installations. The labor costs of 
manning a station for 1-2 years will 
usually pay for sufficient supervisory 
control and telemetering to eliminate 
manual operation of such a plant. 

A second reason for the trend 
toward this type of equipment is im- 
provement in service. Where two or 
more plants have to be coordinated 
for proper operation of the system, 
this can usually be done better by cen- 
tralized control under one operator. 
With such a system the central oper- 
ator has complete facilities to perform 
any necessary operations at remote lo- 
cations and has adequate information 
on what every unit in each remote sta- 
tion is doing. 

A third reason for the growing use 
of this type of equipment is labor un- 
reliability. During periods of labor 
unrest, it may be unwise to depend 
upon local operators at the various 
plants comprising a system, Operators 
employed at a centralized dispatching 
location, however, are generally not af- 
fected by labor disturbances. 

There are several factors to be con- 
sidered in designing supervisory con- 
trol, the most important one being re- 
liability. It goes without saying that 
the components used in the equipment 
should provide a reasonable period of 
trouble-free operation. Aside from 
this, the most important consideration 
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is the protection provided by the equip- 
ment against operation by signals that 
do not originate in supervisory control 
mechanisms. Examples of such signals 
would be those caused by cross talk, 
switching surges, and lightning. The 
equipment can reasonably be expected 
to encounter some types of spurious 
signals during its life. The improper 
operation caused by such signals would 
be at least annoying and could be dis- 
astrous in basic pumping stations. 
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remote equipment, a button is pushed 
which transmits a certain combination 
of these pulses to the remote location. 
The manufacturers of this type of 
equipment recognize that a short puise 
of electrical energy can be easily dupli- 
cated from external sources, and it is 
required that the remote-location equip- 
ment transmit an equivalent grouping 
of pulses back to the originating or 
controlling station. If the combina- 
tion of pulses coming back agrees with 
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Installation at Lake Forest, Ill. 


A single pair of leased telephone wires serves for telemetering, controlling, 
and telephoning. 


Types of Supervisory Control 


During the last 20 years, two pri- 
mary types of supervisory control 
equipment have been evolved by three 
different manufacturers. The older 
of these types is known as “impulse” 
supervisory control. In this system, all 
operations, both remote control and 
supervision, have signals in the form 
of short electrical pulses, somewhat 
similar to those obtained in telephone 
dialing. If it is desired to operate 


the one going out, the operator is 
allowed to transmit and operate a 
signal composed of a short grouping 
of impulses. This system, known as a 
“checkback,” is a necessary part of any 
impulse system to provide minimum 
protection against spurious signals. 

In place of control impulses easily 
duplicated from other sources, a sys- 
tem composed of a sequence or com- 
bination of audio-frequency tones has 
been evolved. In place of using the 
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one checkback feature of the impulse 
system, automatic checking of the sig- 
nal is provided at the remote location 
as it is received, with six different 
checks necessary before an operation is 
allowed to take place. In this “audio- 
sequence” type of supervisory control, 
all remote control signals are composed 
of a minimum of three (usually four) 
audio frequencies transmitted one at a 
time in a definite sequence. The re- 
sulting operation depends only upon 
the sequence or order in which the 
tones are transmitted. Audio-fre- 
quency tones usually used for remote 
control are 210, 310, 350, 390, and 430 
cycles. As this combination of audio- 
frequency tones is received at the re- 
mote location, the six checks previously 
mentioned are imposed. The first 
check measures the number of audio 
frequencies and requires that this num- 
ber be correct before an operation is 
In place of a 


allowed to take place. 
random electrical impulse, the fre- 
quencies must be correct within 3-4 
cycles or no operation is allowed to 


take place. The frequencies must ar- 
rive in a definite, restrictive sequence 
that corresponds to preset combina- 
tions. No operation is allowed to take 
place if two frequencies come in si- 
multaneously, and the interval between 
frequencies must not exceed a prede- 
termined limit. In addition, no fre- 
quency can immediately follow itself. 
In considering the various possibili- 
ties for spurious signals that might be 
encountered during the life of the 
equipment, it can be readily seen that 
the six checks effectively rule out any 
chance of incorrect operation. The 
audio-sequence system allows gener- 
ally faster operation than can be ob- 
tained with the impulse system. Wide 
use throughout the United States, 
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Canada, and Mexico attests to audio 
sequence reliability. 


Forms of Equipment 


Supervisory control equipment can 
be in many patterns and operate over 
several different types of channels. 
The controlling- or dispatching-station 
equipment can take the form of a 
switchgear type of cubicle, a_ wall- 
mounted cabinet, a desk, a benchboard, 
a system diagram on a large panel, or 
various other aspects that might be 
most suited to a particular application. 
In general, the equipment at the con- 
trolled end is housed in cabinets or 
cubicles of various sizes and styles. 
The panel at the controlling location is 
usually composed of a group of bakelite 
rectangles known as escutcheons. An 
escutcheon provided for each piece of 
remote equipment being controlled or 
supervised comprises three lamps to 
show the status of the equipment, an 
operation selector switch, and an 
operating-lever key. In some cases 
this lever key takes the form of a push 
button. If telemetering is associated 
with the equipment, the appropriate 
indicating or recording meters are 
placed above or below the control 
panel. 

Telemetering, if used, takes one of 
two forms. The telemetered measure- 
ment value can be brought in continu- 
ously and usually will operate a re- 
cording instrument. Where the read- 
ings may not be required continuously, 
the supervisory control equipment will 
select any desired measurement and 
bring it in as required. Almost any 
number of such selections can be 
made, one reading at a time being 
brought in to appear usually on an 
indicator. The channel connecting the 
central controlling location with the 
one or more remote stations can take 
several forms. Often this is a pair of 
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telephone wires, either leased or owned 
by the user. The wires can be one of 
several pairs in a telephone cable or 
can be a pair of open telephone wires. 
Microwave radio is now being used 
more often as a connecting channel. 
It is generally possible to control al- 
most any number of operations in one 
or more plants over one pair of wires 
or channel. In addition, it is possible 
to bring back a large number of lamp 
indications from remote locations, as 
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ponents are used to build equipment to 
the specific requirements of each user. 


Four Specific Installations 


Four applications of supervisory 
control and telemetering to the con- 
trol of water systems are described 
in the remaining part of this paper. 
The first of these is used by the city 
of Lake Forest, Ill., and was installed 
in 1951. Figure 1 is a diagram of the 
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Fig. 2. Installation at Aberdeen, 8.D. 


An operator at city hall can tell at a glance the status of every part of the system, and 
can control any desired operation. 


well as a large number of telemeter 
readings, over the same pair used for 
remote control of the station or sta- 
tions. In addition to supervisory con- 
trol and telemetering signals on a pair 
of wires, it is fairly common to have 
this same pair also used for telephone. 

The possibilities involved in the use 
of supervisory control and telemetering 
are many and varied. In general, 
standard, proved circuits and com- 


system. The controlling-station equip- 
ment is mounted in an older pumping 
station, and it is used to control three 
pumps and one altitude valve in a new 
booster pumping station over a pair of 
leased wires. Water to the booster 
pumping station is from a _ nearby 
reservoir. Water level measurements 
are transmitted over the same pair of 
wires used for control. From the 
booster pumping station itself are tele- 
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metered one pressure and one flow 
value. Telephone currents are also 
sent over the same pair of wires. The 
supervisory control equipment is so 
arranged that at a later date automatic 
pump programing may be incorporated. 

Another installation is at Aberdeen, 
S.D., also set up in 1951. This in- 
volves a central controlling point lo- 
cated at the city hall. Water level in- 
formation from an elevated tank is 
telemetered into the city hall and then 
to the booster pumping station. The 
operator at the city hall has a reading 
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is used to control an automatic pump- 
programing unit. The appropriate 
pumps are operated in accordance with 
water level in the elevated tank. The 
operator sees which pumps are run- 
ning at all times by means of lamps 
on the control panel. He has the op- 
tion at any time of taking control 
away from the automatic programing 
equipment and directly operating any 
or all pumps by supervisory control. 
Figure 2 illustrates the layout of the 
various elements in this waterworks 
system, 
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Fig. 3. Installation Near Dallas, Tex. 


The centralized control of this plant results in substantial savings in manpower costs. 


in front of him at all times showing 
the water level in the elevated tank, as 
well as water level in an underground 
reservoir, where a reading is sent over 
a separate pair of wires to the filter 
plant. The operator also has a tele- 
metering instrument giving him the 
flow rate at all times from the booster 
pumping station. The elevated-tank 
water level information which is 
brought into the city hall and ex- 
tended to the booster pumping station 


The third installation is used by the 
Dallas County Park Cities Water Con- 
trol and Improvement District No. 2, 


and is located near Dallas, Tex. The 
controlling station is in a section of 
the treatment plant. On the opera- 
tor’s control and supervision desk are 
provided control escutcheons for three 
stages each of four different pumps in 
the treatment plant. The meter panel 
also shows data for the treatment 
plant : raw-water flow, clear-well level, 
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treated-water flow, treated-water dis- 
charge pressure, and raw-water pump 
well level. 

Water level information from four 
different elevated tanks is telemetered 
to the controlling operator, as well as 
flow data from the meter station. The 


operator has direct control of four dif- 
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to the actual unit that has changed its 
condition. Figure 3 illustrates the lay- 
out and Fig. 4 shows the operator’s 
desk and part of the meter panel. 

The fourth water works system is 
that of Fort Lauderdale, Fla. The 
project there involves a telemetering 
of water level from five different 


Pig. 4. Operator’s Desk and Part of Meter Panel 


This is the control room at the plant near Dallas. 


Any shutdown of a pump by 


protective equipment will result in an audible alarm and a change in lamp color. 


ferent pumps in a booster station and 
knows at all times which pumps are 
running and which are not. As in all 
supervisory control, any shutdown of 
a pump by the protective equipment 
will immediately notify the operator by 
means of an audible alarm and a 
change in lamps which calls attention 


tanks, located adjacent to the central- 
dispatching station, to each of two 
pumping plants. At each plant re- 
cording instruments provide a con- 
tinuous record of the water level in 
the tanks. From the central-dispatch- 
ing station, line pressure values are 
continuously telemetered. In addition 
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to the direct recording of the pressure 
at each plant, this value is telemetered 
to the other plant and the central- 
dispatching station. At one plant auto- 
matic control of pumps is achieved by 
telemetered water level indications. 
From a fourth location water level in- 
formation in the tank is telemetered to 
one of the pumping plants and used 
to operate supervisory control equip- 
ment which controls pumps in a well 
field located elsewhere. The seven 
values telemetered to each of the two 
pumping plants are all carried over 
one common pair of wires. In no 


case is more than a single pair of wires 
used except for the control and super- 
vision functions connecting the well 
pumps in the field to the well field 
supervisory control cabinet. 
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Conclusion 


From the few applications described, 
it may be seen that supervisory control 
and telemetering can be combined and 
applied in a wide variety of ways. In 
each case the application of this equip- 
ment has resulted in important savings 
in man power and has contributed 
greatly to better and more efficient 
operation of each of the water works 
systems. The elimination of operators 
at a normally attended station, or the 
elimination of the need periodically to 
send operators into a station, can result 
in substantial savings in man power 
costs. Use of supervisory control and 
telemetering, in combination with auto- 
matic equipment where needed, can 
result in much more efficient opera- 
tion of any water works system. 
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Laws of Florida Governing Water Use 


Frank E. Maloney 


A paper presented on Nov. 9, 1954, at the Florida Section Meeting, 
St. Petersburg, Fla., by Frank E. Maloney, Prof. of Law, University 


of Florida, Gainesville, Fla. 


URING the last 50 years, use of 

water from public, industrial, and 
irrigation supplies has increased tre- 
mendously in the United States. Not 
only has the per capita use grown, but 
the water-using population has doubled 
during the same period, thus further 
multiplying the demand (1). Between 
1890 and 1945 water use increased 
from 2,050 mgd to 12,030 mgd (2), 
almost sixfold in 55 years, and growth 
since 1945 has been at an even faster 
pace. 

The former chairman of the Na- 
tional Water Resources Committee 
predicted in 1952 that industrial de- 
mand for water in the United States 
would double in the next 10 years and 
that this increased demand would still 
represent only about 25-35 per cent of 
the total water consumption because 
the demand for other uses, such as irri- 
gation and steam power, would corre- 
spondingly increase (3). An exten- 
sive growth of industrial demand in the 
Southeast is occurring. Two of the 
industries which are expanding—pulp 
and paper, and steel—lead all others 
in industrial water requirements. Fur- 
ther, the use of water for irrigation, 
although still in its infancy in this re- 
gion, is showing signs of rapid and 
vigorous growth. A recent survey in 
South Carolina, now blessed (like 
Florida) with an abundant water sup- 
ply, indicates that between 1945 and 


1950 industrial use of water in that 
state increased 350 per cent; use by 
cities in the same period increased 80 
per cent; and use on farms almost dou- 
bled (4). Farmers in South Carolina, 
as elsewhere, are suddenly realizing the 
tremendous value of irrigation in in- 
creasing farm production and reducing 
the risk of damage from droughts. A 
similar upsurge in the demand for 
water for irrigation in Kentucky has 
led to several recent studies of the 
laws governing use of water for that 
purpose in the state (5, 6).* 


Florida Problem 


Past and potential increases in irri- 
gation and industrial demand in Flor- 
ida (7), added to the problems created 
by salt water intrusion in many areas 
along the coasts (8), call for a re- 
evaluation of Florida’s water laws in 
the light of present and future needs. 
Other southeastern states are already 
tackling the problem—South Carolina 
in 1953 created a water policy com- 
mittee to recommend steps to bring 
about full use and protection of state 
water resources. This committee, 
guided in part by a study made in 


* This problem and its legal aspects are 
also discussed, with particular reference to 
North Carolina, by Beverly C. Snow, in 
“Eastern Water Shortage and Drought 
Problems—Growth of Eastern Irrigation 
Demands,” Jour. AWWA, 47:226 (Mar, 
1955) .—Editor, 
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1952 by the US Soil Conservation 
Service (9), has recommended legisla- 
tion drastically changing South Caro- 
lina water laws. A similar study is 
being conducted in Mississippi and 
another, with proposed corrective leg- 
islation, was made in Wisconsin in 
1953 (10). 

One of the first projects of the new 
Bureau of Water Research, following 
activation in July 1955 at the Univer- 
sity of Florida, will be a complete re- 
view of the state statutory and common 
law having to do with the conservation 
and use of surface and ground water. 
It may be appropriate at this time, 
however, to consider in broad outline 
the present state of Florida water law 
and to point out the need for more 
detailed study aimed at corrective 


legislation. 
This survey does not consider the 
legal problems involved in pollution, 


although that naturally affects the 
amount of water available for use in 
Florida. Further, the survey does not 
deal with flood control, although im- 
poundments for this purpose will make 
tremendous additional quantities of 
water available in certain areas of 
southern Florida. 


Law of Watercourses 


There are three different judicial 
views on the use of water from running 
streams. The oldest is the English 
natural-flow rule, under which an upper 
riparian owner may not alter the natural 
flow of a stream except to make use of 
the water for purely domestic purposes. 
This rule was adopted in England when 
the use of water for industry and irri- 
gation was still on a very minor scale 
and the predominant problem was pre- 
vention of pollution. The law met the 
social needs of the time, but it is not 
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adequate for today’s greatly expanded 
economy. Rigid adherence to this anti- 
quated doctrine aggravated the prob- 
lems in South Carolina and helped 
bring about proposals for a compre- 
hensive code providing for a modified 
system of prior appropriation (4). 
The recommendations follow closely the 
present Kansas code (11). 

Under the prior-appropriation doc- 
trine as judicially enunciated in the 
western and Rocky Mountain states, a 
riparian or other owner could appro- 
priate the right to use as much water 
as he could successfully divert and 
beneficially employ, so long as his ap- 
propriation was prior in time to that 
of others; in an extreme case, his right 
(on a sort of first come, first served 
basis) might extend to exhausting the 
flow of the stream. This doctrine, with 
modifications, is now confirmed by leg- 
islation in most western states (12). 

The third approach is through the 
theory of reasonable use. This modi- 
fication of the natural-flow rule entitles 
a riparian complainant to protection 
only when the defendant’s diversion 
unreasonably interferes with the com- 
plainant’s use of the water. The doc- 
trine emphasizes full use of the avail- 
able water supply, and each riparian 
owner may make beneficial use of the 
water for any purpose to the extent 
that his use does not unreasonably in- 
terfere with the beneficial uses of 
others (73). 

The exact state of the law as to 
supply from watercourses in Florida is 
not too clear. In one early case, where 
the primary consideration was the pol- 
lution of an “underground stream” 
used as a source of water supply by 
Tampa, the Supreme Court of Florida 
restated the common-law riparian rule 
along with the reasonable-use modifi- 
cation (14): 
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The right to the benefit and advantage 
of the water flowing past one owner’s 
land is subject to the similar rights of all 
proprietors on the banks of the stream 
to the reasonable enjoyment of a natural 
bounty, and it is therefore only for an 
unauthorized and unreasonable use of a 
common benefit that any one has just 
cause to complain. 


Because the court was not called 
upon to consider to what extent the 
doctrine of reasonable use in Florida 
may permit the diversion and use of 
surface water for such purposes as ir- 
rigation or manufacturing, the case 
does not establish a binding precedent 
on those points. In the absence of a 
legislative adoption of the _prior- 


appropriation doctrine, it is probable 
that when the problem is squarely pre- 
sented to the Florida court, it will fol- 
low in the path of most of the other 
southeastern states: placing the stress 


on the reasonable-use aspect of the 
common-law doctrine and permitting 
diversions which do not unreasonably 
interfere with use by other riparian 
owners. 

The reasonable-use theory, although 
it permits much broader and more 
nearly complete utilization of the water 
than the older natural-flow theory, has 
two disadvantages. It lacks certainty, 
because what constitutes reasonable use 
depends, among other things, on the 
prospective use of all other riparian 
owners on the stream. Further, the 
theory allows use of the water only by 
riparian owners and does not permit 
diversion for use on nonriparian lands. 
The doctrine does have the advantage 
of being flexible as against the prior- 
appropriation theory. The latter tends 
to fix the use of water in a permanent 
pattern which, although it may be in 
the public interest today, may be con- 
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sidered wasteful in the light of later 
technical developments. 


Ground Water 


Legally speaking, ground waters are 
of two types: those which flow in defi- 
nite channels, and those without defi- 
nite channels, classified as percolating 
waters.* In the Tampa case (/4), 
Florida applied the principle of reason- 
able use to an underground stream, 
treating it in the same manner as a sur- 
face stream. The real problem in such 
cases is the practical one of proving 
that the stream has a definite under- 
ground channel. Most ground water, 
however, falls within the percolating- 
water classification. Concerning the 
use of such water, there are again three 
legal approaches. The first of these, 
the so-called English rule, rests on the 
concept that he who owns the surface 
of the earth owns from the center of 
the earth to the center of the heavens. 
In a jurisdiction applying this concept, 
an owner has an absolute right to sink 
a well on his land and withdraw all the 
percolating water he can, without re- 
gard to the effect on adjoining owners. 
There is some language in the Tampa 
case that seems to support this view. 
The western states differ from the Eng- 
lish view and apply the doctrine of 
prior appropriation to both ground 
water and surface streams. 

In Florida a modification of the Eng- 
lish rule has developed and may have 
become the law. This view, sometimes 
referred to as the doctrine of correlative 
rights, parallels the reasonable-use the- 
ory, which developed out of the ear- 


*For a discussion of the divergence be- 
tween legal and hydrological concepts of 
ground water, see the article by Thad G. 
McLaughlin in this issue (p. 447)— 
Editor, 
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lier natural-flow doctrine in the case 
of surface watercourses. Under the 
correlative-rights theory as applied in 
some jurisdictions, a taker is limited to 
his proportionate share of ground water 
according to his surface area as com- 
pared with the whole area overlying 
the water supply. Other courts have 
used the term as limiting the taker not 
on a proportionate basis, but rather on 
a reasonable-use basis. This interpre- 
tation places no limitation upon the 
quantity of water to be taken so long 
as the use is reasonable and is made in 
connection with the utilization of the 
surface. Under this rule, however, a 
court may prevent the transfer of 
ground water from the land from which 
it is lifted if this operation is detri- 
mental to a neighbor’s extraction and 
use on his own premises. 

In two recent cases (15, 16) the Su- 
preme Court of Florida has apparently 
adopted the doctrine of correlative 
rights with respect to percolating water, 
but in neither instance was the court 
concerned with the problem of how 
much water a defendant could take. 
The issue of the right of a municipal 
water works to make unlimited with- 
drawals was presented in 1953 (17). 
Because of salt water intrusion along 
the coast, the county-owned Pinellas 
County water system decided to sink 
wells in an inland county road right-of- 
way. The circuit court for the county 
enjoined the drilling of the wells but 
did not, however, pass on the basic 
problem of the amount of water that 
could be withdrawn. Instead, the court 
granted the injunction on the ground 
that the county had only an easement 
for road purposes and that the abutting 
owners possessed the fee interest in the 
road where the wells were to be drilled. 
The county would therefore be required 
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to condemn a fee interest before it 
could drill the proposed wells. How 
much water it could withdraw after 
acquiring such an interest is still un- 
determined, but that question may be 
answered in pending litigation involv- 
ing another well field in the same 
system. 

It is evident that in ground water, 
as in surface watercourses, the law of 
Florida does not provide very definite 
answers about the amount of water that 
may be taken by an overlying land- 
owner, nor does the current law give 
to the first user any assurance that he 
will be permitted to continue appropri- 
ating the same amount of water when 
later users begin to compete for a lim- 
ited supply. Moreover, even if the 
legal rules governing use under the 
doctrine of correlative rights are for- 
malized, the practical difficulties in es- 
tablishing the land area overlying the 
water supply and the extent of the sup- 
ply itself might place the cost of ground 
water litigation beyond the reach of the 
individual landowner. In that event, 
in areas of shortage, economic competi- 
tion might well take the place of litiga- 
tion, with those who could afford the 
highest lift getting the water. Such 
has apparently been the experience in 
parts of California (18). 


Possible Legislation 


One remedy for the uncertainties in 
Florida’s water law would be the re- 
placement of case law with a compre- 


hensive water code. The code could 
establish a new administrative agency 
with power to allocate and control the 
use of water in Florida, perhaps plac- 
ing usage on a_ prior-appropriation 
basis, as has recently been done in Kan- 
sas (11, 19) and has been suggested 
in South Carolina (4). Such a solu- 
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tion provides a certain and definite 
guide for future users, and is, there- 
fore, attractive. Legislative adoption 
of the prior-appropriation doctrine in 
the Southeast has been urged (9). 

Any attempt to change the water law 
of Florida drastically would raise seri- 
ous legal problems. The Fourteenth 
Amendment to the US Constitution 
provides that no state shall deprive any 
person of his property without due 
process of law. The Declaration of 
Rights of the Florida Constitution con- 
tains a similar due-process provision. 
The common law has traditionally 
looked upon water rights as property 
rights rather than rights of use, and 
such property rights, attached to the 
land to which they are appurtenant, 
are not lost through nonuse. Hence, 
to extinguish water rights legislatively 
without compensation, by establishing 
the doctrine of prior appropriation, 
under which the total supply might go 
to a prior appropriator, would seem to 
be a violation of due process of law. 

A state does, however, have a right 
under the police power to regulate vari- 
ous activities of its citizens, including 
the use of their property, if such regu- 
lation is necessary to protect health, 
safety, and welfare. It is upon this 
basis that Kansas, where the supply of 
water is limited, can legally bring about 
a statutory change from the common- 
law approach to the doctrine of prior 
appropriation (20). It is one thing, 
however, to use this justification in a 
semiarid state like Kansas, and another 
to argue it successfully in a state like 
Florida, in most parts of which the 
supply far exceeds the demand. If an 


attempt is made to introduce prior ap- 
propriation, a preamble to the statute 
might be helpful. 


Such a preamble, 
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indicating that changed economic con- 
ditions have created an emergency in 
which the public welfare demands the 
maximum beneficial use of this natural 
resource, might provide justification for 
the legislation. Even so, it seems 
doubtful that such a law would be held 
constitutional in Florida under present 
conditions of water use. It is pointed 
out, however, that a change to a modi- 
fied form of appropriation, justified as 
a legitimate exercise of the police 
power based on economic necessity, is 
feasible in Wisconsin, a state with 
problems like those of Florida (10). 

An alternative approach is suggested 
by recent legislation in New Jersey. 
The legislature in 1947 empowered the 
division of water policy and supply of 
the State Dept. of Conservation to de- 
lineate areas where diversion of the 
subsurface and percolating waters ex- 
ceeds or threatens to exceed the natural 
replenishment (19, 27). In these spe- 
cial areas, the law forbids new with- 
drawals in excess of 100,000 gal with- 
out a permit from the Division of 
Water Policy and Supply, and the per- 
mit may be refused if necessary to con- 
serve the subsurface waters. The law 
also provides for the sealing of aban- 
doned wells and for supervision of the 
drilling of new wells in such areas. 

A law allowing all landowners to 
make sufficient withdrawals for domes- 
tic use, but regulating excessive with- 
drawals in designated areas of control 
while protecting already existing inter- 
ests, is clearly a justifiable exercise of 
the police power when limited to criti- 
cal areas where demand exceeds sup- 
ply. Moreover, it avoids one objec- 
tionable feature of the prior appropri- 
ation doctrine: it does not freeze the 
use of water in what may become an 
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uneconomic pattern, but is sufficiently 
flexible to adjust to the changing needs 
of the times. 


Summary and Conclusions 


As water use in certain areas of 
Florida approaches or overruns the 
available supply, the public interest de- 
mands an accommodation of the in- 
creasing uses to constant supply, so 
that the maximum economic advan- 
tage, both for the present and future, 
can be secured from the resource. The 
attainment of that end will depend upon 
the state’s water law, which will deter- 
mine whether maximum economic 
benefits are to be obtained or whether 
one segment of the economy is to bene- 
fit to the detriment of the rest. 

The present status of the laws gov- 
erning use of water in Florida is ex- 
tremely uncertain. Older case law, 
enunciated before the turn of the cen- 
tury, adopts the English common-law 
approach of maximum protection of 
riparian owners on surface streams 
while allowing complete freedom of 
withdrawal to the owners of land over- 
lying ground water supplies. Deci- 
sions in later cases seemingly modify 
these rules by engrafting the principle 
of reasonable use as a limitation on the 
landowner’s absolute rights, thus mak- 
ing the supply at least partially avail- 
able for other uses. These rulings, 
however, have not yet attained the 
stature of precedent. The resulting 
uncertainty may have the disadvantage 
of discouraging potential users whose 
presence would be of great economic 
benefit to the state. Because in most 
areas of Florida, supply still exceeds 
demand, it may be fortunate that the 
law has not yet become fixed. Correc- 
tive action can be taken if the state 
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becomes aware of the need for laws 
to encourage the most beneficial use 
of the available water supply. As more 
extensive demands are made, there will 
be a rapidly increasing need to de- 
velop an integrated system of laws for 
controlling the use of both surface and 
ground water. These laws must be 
specific enough to encourage maximum 
use by agriculture, industry, and the 
public. At the same time they must 
be sufficiently flexible to permit the 
state to benefit from technological ad- 
vances, and must not freeze water use 
in a pattern that may at some later 
date prove uneconomical. 

A study is now needed to determine 
and evaluate the existing water law of 
Florida, both statewide and local. In 
addition, a thorough study should be 
made of the water law of those states 
where the problem became acute at an 
earlier period and resulted in legisla- 
tion which has been in operation long 
enough to be intelligently appraised. 
Any such study must necessarily in- 
clude an evaluation of the measures 
adopted to control pollution which 
blights the usable supply. These stud- 
ies would provide the basis for a water 
doctrine under which the surface and 
ground water resources of the state 
could be developed with maximum 
benefit to the overall economy. 

Florida is awakening to the prob- 
lem. One of the first acts of its new 
governor has been the appointment of 
a citizens’ committee on water re- 
sources. When this committee be- 
comes aware of the need, it may supply 
the impetus for the development of up- 
to-date water laws designed to make 
and keep available Florida’s greatest 
natural resource for the best use of all 


its people. 
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Hydrologic Aspects of Ground Water Law 


Thad G. McLaughlin 


A paper presented on Nov. 9, 1954, at the Rocky Mountain Section 
Meeting, Colorado Springs, Colo., by Thad G. McLaughlin, Dist. 
Geologist, Ground Water Branch, Water Resources Div., US Geologi- 


cal Survey, Denver, Colo. 
US Geological Survey. 


N order to discuss the subject of 

ground water legislation with maxi- 
mum competence, one would have to 
be trained thoroughly in both ground 
water hydrology and law. As the au- 
thor is a ground water hydrologist 
with a limited knowledge of law, this 
article will be largely devoted to the 
technical features of ground water 


legislation. 
At least a part of the difficulty in 


interpreting and enforcing ground 
water legislation is inherent in the 
various archaic and arbitrary legal 
classifications of ground water. The 
lawyers and the courts are not to blame 
for this situation, because hydrologists 
until recent years have not been able 
to evolve clear classifications. A dis- 
tinguished water litigation attorney has 
advised the author, however, that some 
of the legal classifications of ground 
water are supported by such weighty 
judicial precedent that they must con- 
tinue to be used, even though contra- 
dictory to fact. 

Definitions taken from two judicial 
decisions will illustrate the problems 
invoived. One court defined perco- 
lating water as “vagrant wandering 
drops moving by gravity in any and 
every direction along the line of least 
resistance.” Another court stated: 
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Publication authorized by the Director, 


“the physical laws governing under- 
ground water and its subterranean 
progress [are] irregular and unknow- 
able with certainty, and such water 
[is] changeable and uncontrollable in 
character [and] subject to secret and 
incomprehensible influences.” 

Ground water has been divided into 
many legal classes, including under- 
ground rivers, underground lakes, 
percolating water, diffused water, de- 
fined underground channels, and 
springs. The author does not know 
what is meant by these different classes 
and seriously doubts that anyone else 
knows either. The first two terms, 
underground river and underground 
lake, date back to the period when the 
subject of ground water was somewhat 
of a mystery, and people speculated 
that ground water occurred in the form 
of rivers and lakes just like surface 
water. Actually, nearly all ground 
water is percolating water—that is, it 
moves by laminar flow—-whereas most 
surface water moves much more rap- 
idly, by turbulent flow. Ground water 
is controlled largely by geology, sur- 
face water by topography, and atmos- 
pheric water by temperature and pres- 
sure. Hence, it is nearly as logical to 
say “underground cloud” as it is to 
say “underground river” or “under- 
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ground lake.” Even in the rare lime- 
stone and volcanic-rock terranes where 
ground water does move in well de- 
fined channels by turbulent flow, other 
factors may make the term “under- 
ground river” inapplicable. 

The inaccurate legal classification of 
ground water is, in the author’s opin- 
ion, the principal cause of the failure 
of many attempts to regulate ground 
water use. From a technical point of 
view, no attempt to set up different 
classes of ground water is justified. A 
single drop of water may at one time 
be percolating water and in a defined 
underground channel, may  subse- 
quently appear as diffused surface 
water or in a spring, or may even con- 
tribute to the base flow of a surface 
watercourse; it is evident, therefore, 
that the legal classifications of ground 
water are unworkable. 


Ground and Surface Waters 


It is also problematical whether 
there should be a distinction between 


ground water and surface water. The 
terms ground water, surface water, and 
atmospheric water do not apply to per- 
manent states of water but merely 
represent water at a particular stage 
of the hydrologic cycle. A single drop 
of rain falling to earth may move into 
a stream and become surface water. A 
short distance beyond, it may be lost 
through the stream channel to become 
ground water, and a short distance 
farther, it may return to the stream. 
There is a continual interchange of 
ground and surface water, and the 
base flow of nearly all perennial 
streams is maintained by the discharge 
of ground water. There does exist 
one fundamental difference between 
ground and surface water, however, 
which is important in ground water 
legislation: runoff in streams can be 
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measured with some degree of accu- 
racy, and when all the water in a 
stream is appropriated, the fact is ob- 
vious to everyone. The increment of 
the ground water supply, known as re- 
charge, is roughly analogous to sur- 
face water runoff, but there is also 
the factor of storage, which is not in- 
volved in surface water under natural 
conditions. In many places, large 
quantities of ground water have been 
stored in underground reservoirs for 
periods of thousands of years. When 
pumpage is sizable, it brings up the 
question of whether the recharge alone 
is being withdrawn or whether the 
storage is being depleted. The prob- 
lems faced by formulators of ground 
water legislation can best be illustrated 
by discussing situations in areas where 
detailed information is available. 


Low-Recharge Storage 


The High Plains area has little natu- 
ral recharge. This region is underlain 
by the Ogallala formation, a very pro- 
ductive aquifer. It extends from the 
Black Hills of South Dakota to the 
southern part of the Texas Panhandle 
and includes parts of South Dakota, 
Nebraska, Wyoming, Colorado, Kan- 
sas, Oklahoma, New Mexico, and 
Texas. The area comprises about 
156,000 sq miles (about the size of 
California), and the underlying aquifer 
is believed to have in storage about 
two billion acre-feet of ground water. 

The region is almost everywhere 
surrounded by land at lower elevations. 
Thus, ground water moves away from 
the plains, and the ground water 
source must be the precipitation within 
the plains. This averages only about 
20 in. a year, and only a very small 
percentage reaches the water table, so 
that the recharge is very low. It is 
believed to range from less than 4 in. 
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annually in parts of Texas and New 
Mexico to as much as 3 in. in part of 
the sand hills area of Colorado and 
Nebraska. 

In the High Plains of Texas, far- 
mers pump nearly 5,000,000 acre-it of 
ground water a year in an area where 
the annual recharge is believed to be 
less than 100,000 acre-ft. Further- 
more, a comparable amount of natural 
discharge also occurs. Although the 
water is being mined rapidly, the sup- 
ply has already lasted 20 years and 
may last several decades longer, 
enough time for the repayment of most 
existing investments. Meanwhile the 
area is enjoying a prosperity not other- 
wise possible. 

In the central and northern High 
Plains, the aquifer has not been devel- 
oped to any such extent, and there is 
the problem of how it should be devel- 
oped. It does not seem feasible to 
develop only the recharge and save the 
storage. In the first place, the re- 
charge in any aquifer cannot be fully 
developed until the water levels are 
lowered. Then the question arises as 
to who is entitled to the stored water 
that is pumped out while the water 
table is being lowered. In the second 
place, it is difficult to take the recharge 
without also taking the storage. Be- 
fore man diverted water and drilled 
wells, most aquifers were in equili- 
brium—that is, the discharge from an 
aquifer over a period of years was 
equal to the recharge to the aquifer. 
Because there is little fluctuation of the 
water level in the aquifer in the central 
and northern High Plains, hydrologists 
know that the aquifer is still essentially 
in equilibrium. In order to salvage 
the recharge, the discharge must also 
be captured. If an amount equivalent 
to the recharge is pumped and the dis- 
charge is not stopped, the water levels 
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will decline, and water will be with- 
drawn from storage. 

The Frenchman Creek area in north- 
eastern Colorado is a region where re- 
charge alone cannot be pumped. All 
recharge on one side of the ground 
water divide moves eastward across 
the state line. The amount of ground 
water flowing across the state line an- 
nually is equivalent to the annual re- 
charge to the ground water reservoir. 
It has been determined that the under- 
flow across the state line is on the 
order of 100,000 acre-ft a year, equiva- 
lent to slightly less than 1 in. of re- 
charge annually in the area. Suppose 
it were decided to pump only the re- 
charge of 100,000 acre-ft annually. A 
withdrawal of 100,000 acre-ft of water 
uniformly throughout the area would 
lower the water table over the whole 
region less than 4 ft. The thickness 
of water-bearing materials at the state 
line averages about 200 ft. The with- 
drawal of 100,000 acre-ft of water, if 
uniform, would not change the hy- 
draulic gradient appreciably. The 
withdrawal would only reduce the 
thickness of the section through which 
the water is flowing at the state line 
from 200 ft to 199} ft. Consequently, 
the discharge would be reduced by 
about one part in 400. Only about 
250 acre-ft of recharge would be sal- 
vaged, and the remainder of the 
100,000 acre-ft of water would come 
from storage. In an aquifer of this 
type, it appears that there is no choice 
but to mine the water. 


High-Recharge Storage 


The storage problem is considerably 
different in areas where the recharge 


is high—for example, where large 
amounts of surface water are spread 
on the land for irrigation. In the 
Closed Basin in the San Luis Valley, 
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Colo., about 300,000 acre-ft of surface 
water is diverted to the land annually 
for irrigation. During periods of low 
stream flow, nearly a thousand wells 
have been drilled to supplement the 
water supply. In 1951 the stream run- 
off reached a record low, and wells 
pumped nearly 300,000 acre-ft of 
ground water, resulting in an average 
water table decline of several feet. 
During the following year the available 
surface water supply was above nor- 
mal, very little ground water was 
pumped, and the ample artificial re- 
charge returned water levels to nor- 
mal. This area has an ideal combina- 
tion of surface and ground water use. 
Also the ground water reservoir 
serves as a nearly evaporation-free 
reservoir to be called upon in times 
of surface water shortage. It would 
be disadvantageous to mine the ground 
water in this region. If the ground 
water is developed only to the extent 
of the artificial recharge, it will last as 
long as that recharge does. Moreover, 
the natural recharge can be partly sal- 
vaged, because this water is now being 
dissipated by evapotranspiration, which 
can be reduced by lowering the water 
table. There are similar situations in 
the Arkansas and South Platte valleys, 
where large quantities of surface water 
are available for recharge. 

Surface and ground water uses 
should be coordinated in many areas 
rather than permitted to conflict. 
There are sections, for example, where 
it may be wise to abandon the use of 
surface water and do all irrigating by 
wells. In the Arkansas Valley in 
western Kansas, between Hartland 
and Garden City, the river normally 
flows throughout the year. During 
the 1930’s, however, when stream flow 
was low and the withdrawal of water 
from wells was large, the water levels 
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declined 5-10 ft, enough to cause the 
river to go dry. A single flood in 
1941 caused the water levels to return 
to normal and the stream to flow again. 
Records show there was a loss of 
stream flow in that reach of the river 
amounting to about 75,000 acre-ft. In 
other words, by using ground water 
and lowering the water level below 
that of the stream bed, there was a 
saving of 75,000 acre-ft that otherwise 
would have gone down the river. In 
many places where the supply of sur- 
face water is small and not too depend- 
able, it may be well to substitute pump- 
ing in order to lower the water table 
and capture water by channel infiltra- 
tion that would otherwise go on 
downstream. 


Lift 


A major problem to consider is 
whether there should be a vested right 
in lift. Water cannot be withdrawn 
from an aquifer without lowering the 
water level. It is impossible to pump 
a large number of wells in a field with- 
out causing each well to affect the 
water levels in the others. If there is 
a vested right in lift, the well owner 
second in time would have to pay trib- 
ute to the first, and so on down the line 
until the latest comer would be paying 
tribute to all. It seems clear, there- 
fore, that a vested right in lift is usu- 
ally impractical. There is, however, 
a problem of conflicting uses of water. 
For example, it is questionable whether 
an industry that can operate profitably 
with a lift of 500-1,000 ft should be 
allowed to lower the water level ex- 
cessively in an area where the farmer’s 
economic limit of lift is only 150-200 
ft. The same conflict probably would 
arise between large and small farm 
operations. Another problem in con- 
nection with lift is the maintenance of 
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artesian flow. The San Luis Valley 
for example, is filled to a depth of more 
than a mile with sediments consisting 
mainly of alternating layers of clay 
and of sand and gravel. The layers of 
clay impede the upward movement of 
water, developing artesian pressures. 
Water from any of the beds of sand 
and gravel below about 100 ft will rise 
to the surface and flow. The farmers 
in that area are drilling ever deeper 
wells to tap those flows. A number 
of recent wells are 1,000—2,000 ft deep. 
The great cost of developing these 
wells is partly compensated by the 
fact that the water flows at the surface 
and there is no pumping expense. It 
appears that, in such situations, it may 
be necessary to protect the right in 
lift (or in lack of lift) in order that 
it may continue to be economically 
feasible to tap the deeper aquifers. 


Effect on Streams 


A touchy problem is what to do 
about well users who take water that 
would otherwise reach a stream on 
which there are water rights predating 
those of the wells. Before ground 
water codes can be administered prop- 
erly, there will have to be considerable 
new thinking on this subject. In Colo- 
rado, for example, the courts have 
ruled that ground water users cannot 
take water that is tributary to a stream, 
and that the burden of proof is on the 
pumper. If this rule were enforced 
strictly, almost all pumping would 
cease, for nearly all ground water is 
tributary to a stream or is moving to- 
ward a stream. Much of it never 


reaches the stream but is lost by evapo- 
transpiration on route. 

The ground water along the western 
edge of the High Plains in Colorado 
is moving toward Big Sandy Creek, 
but it is doubtful if more than a few 
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gallons in a thousand ever reaches it. 
Much of the water is consumed by 
relatively useless vegetation. To pro- 
tect the few gallons of eventual surface 
water the remainder would have to go 
to waste. 

In the Frenchman Creek area of 
Colorado and Nebraska, it has been 
found that the development of about 
100,000 acre-ft of ground water annu- 
ally would deplete the flow of the creek 
by about 15,000 acre-ft per year. In 
order to use the water most efficiently, 
therefore, it may be necessary to make 
an adjustment for 15,000 acre-ft in 
surface water rights, so as to salvage 
85,000 acre-ft of ground water taken 
from storage and recharge. 

In Beaver Valley, Colo., no surface 
water supplies are available, and irri- 
gation is entirely by wells. The 
ground water, however, moves toward 
the South Platte River, and part of it 
eventually reaches the stream. If the 
users of surface water in the South 
Plate Valley were to be protected fully, 
all pumping in Beaver Valley would 
have to be stopped. The pumpage in 
the valley averages about 20,000 
acre-ft annually. The underflow into 
the South Platte Valley is about 8,600 
acre-ft annually. As the water levels 
have declined, the underflow has also 
declined by probably less than 1,000 
acre-ft annually. The pumping of 
20,000 acre-ft annually would have to 
be stopped in order to prevent inter- 
ference with 1,000 acre-ft of surface 
water rights. 

When irrigation from wells was 
begun intensively in the South Platte 
Valley in the 1930's, there was great 
concern that the wells would cause 
the river to go dry. There has been 
no serious lowering of the water level 
in the valley, even though the pumpage 
of ground water may exceed 750,000 
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acre-ft in dry years. Furthermore, a 
large part of the land would have been 
waterlogged if the ground water had 
not been pumped. 


Conclusion 


As water demands increase and sup- 
ply problems become more critical, far- 
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reaching steps will have to be taken for 
the most efficient utilization of the 
available supply through careful co- 
ordination of the use of ground water 
and surface water. The degree of co- 
ordination that can be achieved within 
the framework of present and future 
legislation will determine how success- 
ful the effort will be. 
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Detroit Experience With Sulfur Compound 
Jointing Material 


Leo V. Garrity 


A paper presented on Sep. 10, 1953, at the Ohio Section Meeting, 
Cleveland, by Leo V. Garrity, Asst. Gen. Mgr. & Chief Engr., Dept. 


of Water Supply, Detroit. 


HIS paper reports findings in an 

investigation of failures in under- 
ground cast-iron pipe in relation to the 
jointing materials used. The support- 
ing data were obtained from tests and 
investigations made during the spring 
and summer of 1949. These studies 
constitute only one phase of continuing 
comprehensive and intensive research 
(initiated in 1941) into the many fac- 
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Number of Breaks 


A 
; 


5 
Fig. 1. Detroit Cast-Iron Main Breaks 


The figures shown are 5-year averages 
for each month, July 1948—June 1953 


tors that may contribute to cast-iron 
pipe failures experienced in the Detroit 
water system. 

There are over 3,000 miles of cast- 
iron water pipe within the limits of 


Detroit. About 2,500 additional miles 
outside the city limits comprise the sys- 
tems of various communities furnished 
water by the department. Intensive 
studies have been confined to the water 
system within Detroit, where the de- 
partment has complete control. 


Incidence of Main Breaks 


The annual number of breaks occur- 
ring in the underground cast-iron pipe 
in the city system averages about 20 
per 100 miles of pipe of all sizes. The 
incidence of breaks in the 6-in. and 
8-in. diameter pipe, however, is con- 
sistently the highest. The averages are 
22 and 30 breaks per 100 miles of 6-in. 
and 8-in. pipe, respectively, per year. 
The work described was confined to 
8-in. diameter pipe in the hope that 
this study would return a maximum 
of information for the effort and ex- 
pense allocated to this phase of the 
investigations. 

The number of breaks occurring in 
underground cast-iron pipe in the 
system is at a maximum during 
December—March and at its lowest 
during the spring and summer (Fig. 
1). The temperature of the water in 
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the mains may be as low as 34°F dur- 
ing the cold months and as high as 
76°F in July and August. Thus, the 
pipe may be subjected to a temperature 
variation of 42°F during the year. 
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fractures are associated with localized 
corrosion. The planes of the breaks are, 
in most instances, very nearly perpen- 
dicular to the longitudinal axis of the 
pipe. This indicated tension failures, 


Pig. 2. Circumferential Break 
This photograph was taken while the 8-in. main shown was under reduced pressure. 


Type of Breaks 


The majority of breaks follow the 


same pattern. Observation has dis- 
closed that a typical form of circum- 
ferential break is found in pipe laid in 
the last 30 years. Examples are shown 
in Fig. 2 and 3. Almost invariably the 


which, in turn, suggested the existence 
of significant fixity at the pipe joints. 
It was decided, therefore, to investi- 
gate pipe joints of various ages cut 
from 8-in. lines in service. All pipe 
from which samples were taken was 
bell and spigot, Class 150, centrifugally 
cast in metal molds except for one with 
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lead as the jointing material. None of 
the spigot ends had beads in the joints, 
except No. 8, which had lead as the 
jointing material and was 234 years 
old. 


Securing Specimens 


A lifting frame was provided in 
order to insure that the joints in the 
pipe cut from the water system would 


not be disturbed during removal and 
until tests were started. This frame 
may be seen in Fig. 4. The joints to 
be removed were selected from un- 
broken pipe near breaks. The joints 
were carefully exposed by hand exca- 
vation. The frame was placed in posi- 
tion and bolted, and the cradle blocks 
were wedged and fixed before pipe cut- 
ting was started. The whole assembly 
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was then carefully transported intact 
to the test site. Each joint was kept 
moist by means of clay and wet burlap 
from the time of exposure to the start 
of the tests. 

At the test site, the cut ends of each 
test piece were closed by 6-in. pipe 
caps. The caps were machined to 9}-in. 
ID to receive the 8-in. pipe ends. One 
cap in each setup was drilled and tapped 


Fig. 3. Circumferential Break 


The 6-in. cast-iron main shown here was laid in 1927. 


for a connection to a test pump, and 
the other for an air vent. The caps 
were then brazed to each piece, after 
which pull-out tests were conducted. 

A pump of 2,000-psi capacity, 
equipped with a test gage, was con- 
nected to the test piece and the water 
supply line. The specimen was filled 
with water, care being used to expel 
all air. After the air vent had been 
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closed, all restraint against longitudinal 
movement of the specimen was taken 
away, leaving only restraint due to 
friction on the support blocks. A dial 
indicator, mounted across the joint on 
a horizontal bar, was set to indicate 
movement across the joint due to ap- 
plied hydrostatic pressure. The pres- 
sure was applied slowly, and simul- 
taneous readings of the pressure and 
indicating gages were taken until the 
joint failed. The results of the pull- 
out tests are shown in Table 1. 
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60 psi. In both, the movement at that 
increment of test load was 0.001 in. 
Age, therefore, had no apparent effect 
on the plastic flow of the lead. Actu- 
ally, the lead joints in these tests 
started to yield at the lowest pressure, 
and the joints moved freely with every 
increment of load up to the pressures 
where significant leakage started, 
which were noted as failure points. 
There was no elastic deformation in 
the pipe itself. All slippage occurred 
in the lead. 


Pig. 4. Pull-out Test Apparatus 
The pipe is still in the lifting frame which has held it since excavation. 


Results of Tests 


Specimen No. 6, the 1-day lead joint 
specimen, had no bead on the spigot 
in the joint, while the spigot of speci- 
men No. 8, which was cut from the 
system after 234 years in service, had 
a bead. The two lead-jointed speci- 
mens tested showed movement across 
the joints at the lowest load increment, 
the existing system water pressure of 


In the specimens with sulfur com- 
pound joints, the deformations meas- 
ured up to the failure point of the 
jointing material checked very closely 
with the calculated elastic values. 
Failures occurred in the sulfur com- 
pound joints on fracture planes having 
inclinations 45-60 deg to the longitudi- 
nal axis of the pipe and were accom- 
panied by noise described as sharp re- 
ports. Data in the last column of 
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Table 1 indicate the uniformity of 
strength found in the sulfur joints. 
The variation from the mean of the 
lowest value is about 15 per cent, and 
that of the highest is less than 10 per 
cent. This seems remarkable because 
the youngest joint tested was 24 hr old, 
and the oldest over 21 years. The 
joint tested 1 day after it had been 
poured was made up under what might 
be described as laboratory conditions, 
while the others were made by various 
personnel over a 21-year period under 
field conditions. 


SULFUR JOINTING MATERIAL 


457 


For a probable temperature differ- 
ential of 42°F, the restraining force 
necessary to prevent movement of the 
pipe would be equal to the induced 
stress multiplied by the cross-sectional 
area of the pipe wall. For pipe having 
a wall thickness of 0.38, the force would 
amount to approximately 34,118 Ib. 
The restraining force set up by the 
sulfur compound joint was measured 
at 45,600 Ib. This was about 33 per 
cent more than necessary to stress the 
pipe metal the full amount possible 
from temperature effect. 


TABLE 1 
Pull-out Tests of 8-in. Pipe Joints 


Specimen Age 


Specimen Jointing Material | 


| 


sulfur compound 
sulfur compound 
sulfur compound 
sulfur compound 
sulfur compound 


| 


* Pounds per inch of depth of jointing material. 
+t Prepared under laboratory conditions. 


An analysis of the test results for 
specimen No. 1, cut from pipe having 
over 21 years of service, will illustrate 
the significance of the magnitude of 
restraint or fixity that the sulfur com- 
pound produced in the pipe joints. 
The average measured thickness of the 
specimen pipe wall was 0.38 in. for 
both the spigot and bell pieces. The 
modulus of elasticity, determined from 
tests of iron specimens taken from 
similar pipe of the same age, was taken 
at 14,000,000 psi. The coefficient of 
expansion was taken as 0.0000058 per 
degree Fahrenheit. 


| | 
Avg | Applied Load 
| Depth of 
| Jointing 
Material 


Total 
Load 


total lb/in.* 


lb 
15,960 
12,314 
14,290 
14,900 
15,200 

3,800 

4,980 


47,880 
30,780 
53,580 
48,450 
45,600 
11,400 
13,680 


If the particular pipelines from 
which the test specimens were taken 
had suffered corrosion of the type and 
degree illustrated in Fig. 2 and 3, the 
induced temperature stresses might 
have become the immediate cause of 
the typical failures experienced. Each 
specimen removed from the system was 
examined carefully to determine the 
condition of the jointing material and 
of the adjacent pipe. The observations 
are shown in Table 2. 

The jointing material in specimens 
No. 2, 3, and 7 had a light-to-dark 
gray cast throughout. The compound 


| = 
| yr days m. yee 
7 | 25. | 540 
3 104 | | 
2 145 | 3.25 | 850 
1 214 3.00 | 800 . 
6 lead 0 it 3.0 200 i 
8 lead 234 | | 20 
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in specimen No. 1 showed a light-gray 
sheen, except at the fringe, where 
slight disintegration had set in. The 
color of the material in the disinte- 
grated fringe ranged from brown to 
black. The 23-year-old lead joint, 
specimen No. 8, showed no apparent 
deterioration, and the adjacent pipe 
showed no evidence of corrosion. 


Use of Sulfur Compound 


The Detroit water department first 
used a sulfur compound as a jointing 
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joints in the specimens tested were 
made from this material. 


Hidden Corrosion 


There is another kind of corrosion 
found in cast-iron pipe, besides that il- 
lustrated (Fig. 2, 3). In this type, 
corrosion progresses beneath the thin 
metal of the outer surface without 
manifestations on the outside of the 
pipe. Such corrosion leaves an interior 
structure in the pipe walls comparable, 
in some respects, to that of timber after 


material in 1919. For the next 6 years an attack by termites. With this 
TABLE 2 
Condition of Jointing Material and Adjacent Pipe 
Time in 
Specimen Service Condition of Joints Condition of Adjacent Pipe 
7 4h excellent* no corrosion 
3 10} excellent* no corrosion 
2 144 excellent* exterior surface of spigot, in joint, 
shows slight corrosion 
1 214 slight disintegration at fringe of ex-| complete ring of corrosion #g-in. 
posed face of joint incontact with | deep, }-in. wide at junction of joint 
bell; no evidence of leakage compound and packing on exterior 
surface of spigot 


* No disintegration or evidence of leakage. 


all joints up to and including those in 
24-in. pipe were made with a com- 
pound supplied by a manufacturer who 
has long since gone out of that busi- 
ness. Almost all joints poured during 
that period have failed and have been 
replaced. The most recent replace- 
ment, involving 5,000 ft of 24-in. di- 
ameter pipe, was made in 1950. The 
joints composed of this material totally 
disintegrated, and the substance had 
the appearance of spent foundry sand. 

From 1925 through 1952 all sulfur 
compound jointing material was ob- 
tained from one supplier, and its use 
was confined to pipe of 12-in. diameter 
and smaller. The sulfur compound 


type of corrosion, temperature-induced 
stresses may be the immediate cause 
of tension failure. 

Evidence of the following phenome- 
non, now quite generally recognized, 
has been found in the Detroit system. 
Certain types of corrosion in buried 
cast-iron pipe may proceed for some 
time at high rates until inhibited or 
entirely stopped by the protection of- 
fered by corrosion products formed in 
the process. Examples of this phe- 
nomenon are usually found in the older 
Detroit lines, one of which has been in 
service since 1838. These lines have 
lead joints and generally have greater 
wall thicknesses than the pipe included 
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Where such self-protection occurs, the 
pipe may last indefinitely if sufficient 
metal remains to withstand any im- 
posed stresses. The additional stress 
that may be produced through joint 
restraints can be evaluated in terms of 
equivalent metal. In the foregoing 
analysis, the induced temperature 
stress, alone, is the equivalent of a 
loss of about 15 per cent of the total 
metal in the pipe wall. 


Types of Detroit Soils 


In general, the soils in the Detroit 
area are quite typical of those of other 
cities situated on the Great Lakes. 
Mains are laid in sand, mixed fills, yel- 
low clay, and blue clay. There is no 
rock at the depths where the mains are 
placed. The range of pH for the soils 
so far investigated is 6.5-7.9, with 
acidity varying from 0.8 to 20.0 mil- 
liequivalents per 100 g of soil. The 
lowest acidity value on record was 
found adjacent to a main break in a 
brick-and-ash fill, with pH 7.6. The 
highest value was obtained in yellow 
clay of pH 6.8. The corrosion index * 
varies from a low of 0.2 for yellow 
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anaerobic bacteria action may have 
played in corrosion. At six locations 
tests for sulfate-reducing organisms 
were positive. 


Conclusion 


The investigations described here 
have shed some light on the relation- 
ship of water temperatures to the inci- 
dence of breaks in underground cast- 
iron pipe. Once pipe corrosion starts, 
it continues to remove metal and re- 
duce wall thickness unless the environ- 
merit changes or the process is stopped 
by the corrosion products themselves. 
Where corrosion is active, it may be 
expected that pipe walls are continu- 
ally being reduced in thickness. Even- 
tually the superimposed stress caused 
by restraint against temperature in- 
duced movement causes pipe failure. 
Every year, sections of weakened pipe 
which had not quite reached the criti- 
cal metal loss in the preceding year 
give way. 

It is believed that the economic life 
of cast-iron pipe in underground serv- 
ice, subjected to corrosion, can be ex- 
tended by providing for freedom from 
restraint in the joints. 


sand (pH 6.5) to a high of 1.2 fora References 
mixture of yellow sand and blue cla ; 

H75 f 1. WrttraMs, B. G. Testing Soil for Cor- 
(p : ). UMETOUS Samp OF rosive Effects. Paper presented at 
surrounding the mains have been Natl. Bureau of Standards soil corro- 
tested to determine the role that sion conference (1928). 

—— 2. Corriecp, Guy. Running a Soil Survey. 

*24 hr, 2 v (1, 2). Western Gas, 7:123 (1930). 

Discussion 


H. W. Niemeyer 


Supt. of Distr., Indianapolis Water Co., 
Indianapolis, Ind. 


An analysis of pipeline failures in 
the Indianapolis system shows a simi- 


larity to the pattern of experience at 
Detroit as reported by Garrity. Al- 
though the frequency of breaks is much 
higher at Detroit, the relationship be- 
tween temperature change and pipe 
breaks in lines using sulfur compound 
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TABLE 3—Pipeline Failures in the 


Vear of Repair 
Description or Cause 1926 $937) 1928) 1929) 1930) 1931| 1932 1934) 1935) 1936 1957) 1938) 1939 
| | | | 
Pipe Failures 
Cast iron 
Transverse break* 3 4 4 3 3|— 1 2 2 6 3 3 3); — 
Electrolysis 4 4 5 - _ — 2 1 2|— 3 3 1}; — 
Construc. accident 3} 3 ii - — 1 1 1 1 
Defective pipe -- 1 1} — 1 — - 1j— s|— 
Corrosion (cinders) 1j— 1 1 3i— 1 
Sidewall! failure - - - 2 3|— 1 
Hydrant brancht - ~ 2 1 2 
2-in. tap . - —|- 1 2 
Bell crack - 1}; — 1 -~|— 
Bedding fault 1 1j— - -- 
Frozent — - - -~ 1] - 
No record 1 — 1 - — 
Steel 
Corrosion - 1 1 3 2 2i— 2 
Total 7 9 17 6 & 2 3 10 9 10 17 12 il 
Mains at yr. end—mi 569 | 589 | 609 | 633 | 655| 658| 659| 659| 659| 660! 661| 670| 679| 692 
Failure Ratio$ 1.23 | 1.38 1.87 | 1.63 | 1.54) 1.32 1.19 | 1.23 | 1.25 1.28 1.40 1.43 1.45 1.44 
Location Pipeline Failures 
Joint 34| 42] 46] 42 | 42| 35| 37| 48| 21| 45| 36 
Pipe 7 9 17 6 8 2 3 10 9| 10 17 12 11 9 
Total 41] S51] 63| | 47| 44 | 45 | 46| 37| 65| 33 56| 45 
Failures by Sizes of Pipe, 1950-1954 
Item 
2hin. | 4in. | Gin. | 8 in. | 12 in. | 16in. | 20in. | 24in, | Total 
Sulfur compound joints — | 2% 21 63 38 | «(27 5 180 
Hh Transverse pipe breaks | 
. Sulfur compound joints - 54 6 1 0 | 0 0 61 
Non-sulfur compound joints 9 6 17 4 0 1 0 0 37 
Pipe with sulfur compound | 
Jointel—aed } 0 0 | 172 85 |} $9 17 9 1 343 
| | 
* Settlement or contraction. + Caused by collision. t Excludes 19 others in 1936. 
§ Cumulative average failures per 100 miles of main. || Estimated. 


joints is the same in both systems. pipe when the pipeline is subjected to 
In addition, a similar relationship be- considerable variation in water tem- 
tween sulfur compound joint failures peratures. The rigid joints allow 
and temperature changes is shown by stresses to build up in the lines that 
the Indianapolis record. can exceed the yield point of the pipe 
is The analysis presented in Tables 3 or the jointing material itself. Failure 
2 and 4, leads, therefore, to the conclu- then will occur in one or the other, de- 

sion reached by Garrity: sulfur com- pending on which is the weaker or in 

pound is much too rigid for use as a_ the greater stress at the moment. Ob- 

jointing material in bell-and-spigot viously, many of the failures that have 
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Indianapolis Distribution System, 1926-1954 
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Year of Repair 


| | 
1940 | 1941 | 1942 | 1943 1944 1945 1946 


1947 | 


1952 | 1953 | 1954 | Total 


1948 | 1949 | 


1950 | 1951 
| 


Pipe Failures 


2 
24 


729 | 
1.42 


729 


738 
142 


752 | 783 


14.48 | 1.47 | 1.55 | 1.04 | 1.68 | 


1 1 | 2 
26 21 48 72 
817 


864 950 976 


| 2.02 | 2.14 


1,020 
| 2.37 | 


Pipeline Failures 


66 | 54 | 1,283 
39 | 72 507 


105 | 97 


hed Pool 


126 | 1,790 


Failures Repaired by Months, 1950-1954 


May 


Jun 


occurred have been influenced or 
caused entirely by outside factors, such 
as external loading on the pipeline, loss 
of metal by external or internal corro- 
sion, flaws in the pipe metal, faulty 
joint construction, or deterioration of 
the jointing material by soil acids or 
sulfur bacteria. On the other hand, 
many failures that occurred with out- 
side factors present would not have 


Jul. Aug. 


| Nov. | 
x 9 | as | 
0 | 0 « 
1 | 2 3 


occurred except for the addition of in- 
ternal stressing. 

The pattern of failures in sulfur 
compound joints would definitely indi- 
cate that they result from stress fatigue 
caused by alternate compression and 
tension when the pipelines expand and 
contract. The joint failures have oc- 
curred predominately in the large sizes 
and the pipe breaks have been confined 
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3| s| 6 | 1 6| 9| 1 4) | 2 12| 25 | 30! 207 
—|-— 1 | | 6 6] 13 9] 37] 119 
| 1 | | | 9 
1 1 ci 2 | | 5 
1} — — | 1 2 | 3 1 3] 16 
1 | 3 
—|—| 1 3 
| | 1 | 2 
| | 1 1 6 
4 1 | 1 | 35 
2 _ 1 5 
8} 10 | 11 | 10 | 12 17 10 507 
704 | 720 
1.41 | 1.41 | 18 
4o| so| 49) 61 42 32 | SI 59 | 45) 64 | 
10 12 17 10 24 26 | 31 38 
| | | | | | | 
Jan. | Feb. | Mar. | Apr — | me. | Dec, | Total 
| 7 15 32 27s 13 | 180 
10 4 1 1 0 2 11 37 


* At failure. 
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TABLE 4—Joint Failures in the 
Year of Repair 
é Year Installed 1926 1927 | 1928 | 1929 | 1930 | 1931 | 1932 | 1933 | 1934 | 1935 1936 | 1937 1938 | 1939 
2 Sulfur Compound Joints 
1924 2 8 9 6 4; 9) 3] 8 4 
1925 1 | 1 2] 3) S|} 4) — 3 
1926 2}—|— 3 1j— — | ij} — 1 1 
1928 | — ~ — -|— 1| - 2 
1929 -|—| 2} —| — 2| 1 | a 
1931 - | 
1932 - | - 1| | 1 
1935 | - - | 1] — 
1936 
1937 - | 1 
1938 1 
1939 1 
1940 
1941 
1942 
1943 
1944 
1945 | - | | 
1946 | } 
1947 | - 
1948 - | - 
1949 - 
1950 - | | — 
Total 19] 9] 17) 147] 19| 16| 15 
Joints 
At yr. end—1/,000 43| 53 63 75 86 87 88 88 88 88} 89 93 96| 101 
Avg age—yr 2.1) 2.7] 3.3) 43] S.2| 6.2] 7.2] 8.2| 9.1 10.1 | 10.6] 11.3} 11.7 
Accum. avg age-—yr 0.3 1.1 2.6 30 34 3.7; 4.2 4.7 53) 60 6.7 6.9 7.2 7.5 
Failure ratiot 0.071 |0.084 |0.159 |0.194 10.177 |0.154 0.161 |0.152 |0.155 |0.162 |0.167 |0.157 |0.158 | 0.157 
Failure ratiot O111 094 |0.101 153 (0. 129 106 104 094 10.098 |0.100 |0.093 (0.094 0.097 
Lead Joints 
| | 
’ Joints at yr. end— | 
1,000 242| 242| 242| 242| 242| 242| 242! 242| 242| 242| 242/| 242!| 242 
Failures 31 37 28| 39 28 36} 25| 26] 28 29 21 
Age of joints—yr§ 25.6| 28.0) 29,1 | 31.1] 31.7) 33.1] 32.7] 33.0] 33.3) 33.0| 33.4) 33.9! 34.3) 34.4 
Failure ratio}| 0.128 |0.140 |0.139 |0.139 |0.135 |0.137 |0.132 |0.129 |0.124 |0.116 |0.116 0.111 6.112 0.110 
Mechanical Joints 
Joints at yr. end— | | 
Failures —|—|— -|— -|— 
Miscellaneous Joints 
Total failures 42 46| 58| 39 42} 38| 37 | 27| 48 45| 36 
| | 


t Cumulative failures per year per 1,000 joints. 


Cumulative failures per year per 1,000 joints, excluding joints installed in 1924. 
|| Cumulative failures per year per 1,000 joints. 


Cumulative average age at failure. 
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Distribution System, 1926-54 


Year of Repair 
1940 |1941 1942 11943 1944 | |1946 | 1947 1948 | 1950 |1951 | |1954 Total 
Sulfur Compound Joints 
al si of 13] s0| 6] 9] 14) 9] 7) S| 288) 
3} a3] 6] 2] 9} 3) 7] 7] 3) 2) 118 | 
2 2 1 1 3 1| 2 30 
6| 4] 21 si 4| 4) 5) 82] 20] 5]. 
— | - - | 2] 
1 1) — 1 
1 2 1 2 1 1} 12 
- - - 1 
2] 
- 1 1 2 4) 
vee 1 1) — | 3 7 
-|- 
2 2 
2 1 1 4| 
ay 81° 3 1 2 1 11 | 
- - 2 1 3 si 
19| 37| 28| 23| 27| 19| 36| 40| 30) 48| 44) 28) 30) 625) 
105| 112) 115) 115) 116) 118| 124) 136| 150, 167) 168) 168, 168 168) 168 
12.2| 12.6) 13.2| 14.1| 15.0) 15.5| 16.1| 15.6] 15.2) 14.6 15.5) 16.5) 17.5) 18.5) 19.5 
7.8| 9.3) 10.2) 10.8) 11.4 12.0) 12.4 130 13.6) 14.1| 14.7| 15.4) 15.7) 16.1 
0.151|0.153 0.160/0.172/0.177 0.177 0.218 0.229 
0.094) 0.095 0.152 0.162) 
Lead Joints 
242| 242} 242| 242| 242) 242) 242| 242) 242) 242) 242 242| 242 
24) 14) 47) 17) 14) 82) 97) 85) 620 
35.4| 36.1) 36.2| 36.6) 36.9| 37.0| 37.4) 37.2) 37.6) 38.2) 38.4) 38.7) 39.2) 39.6) 39-8 
0.111 10.112/0.111 0.110 0.107 0,104 0.102 0.099 |0.097 |0.096)0.095 0.093 0.092)0.091 0.089 
Mechanical Joints 
| 
-—|- | - | 0.75) 15.2) 25.0| 34.9| 45.0) 62.5 
wa a | te 4 
| | | | 


Miscellaneous Joints 


463 
Joints 
| Installed 
1,000 
o49 | 15.5 
0.24 16.5 
0.10 10.5 
0.15 10.0 
0.10 10.0 
0.09 12.0 
0.27 11.0 
0.20 | 1.5 
O18 | OS 
O11 | OS 
0.76 | 0.5 
0.06 | 45 
0.23 | 3.2 
003 | 46 
0.03 44 
0.05 59 
0.14 4.0 
0.87 0.1 
000 | 09 
004 | 24 
005 | §.2 
0.04 | 124 
0.12 13.6 
0.12 | 174 
0.00 | 10 


50| 49) 61| ‘32 


# Cumulative leaks per year per 1,000 joints. 


= 

on | | 2) 1) - | 3 2) 
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primarily to the small sizes. Further, 
the failures have taken place primarily 
when water temperatures were reach- 
ing maximum variations. This shows 
that internal stressing is a major fac- 
tor. The analysis does not produce 
any other pattern of failure that could 
be associated with some other definite 
cause. 

In Table 3 the month of repair of 
joint failures does not necessarily indi- 
cate the month of failure because fre- 
quently there has been an interval be- 
tween the occurrence of failure and 
surface indications of it. Except in 
rare instances, pipe breaks have given 


TABLE 5 
Failures During 1949-54, by Types of Joints 


No. of 
Breaks | 
| 


Type of 
Joint 


Type of 
Pipe 


lead 


sulfur 
sulfur 


27 ‘| pit cast 
1924-1937 4 | pit cast 
1938-1949| 56 | centrifugally 

cast 
centrifugally 

cast 


mechanical 


1950-1954 2 


Total 89 


| 
| 
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immediate surface indications. Of the 
transverse breaks in bell and spigot 
pipe, 68.5 per cent (excluding nine 
breaks in 2}-in. cast-iron screw-thread 
pipe) during 1949-54 have occurred 
in lines laid with sulfur compound 
joints (Table 5). In the five cold 
months, October—February, 90 per 
cent of these failures took place. 
Water temperatures have varied as 
much as 50°F between summer and 
winter. 

Pipelines 12 in. in diameter and 
larger have had 75 per cent of the sul- 
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fur compound joint failures, during 
1949-54. In the second quarters of 
these years 41 per cent were repaired, 
and in the fourth quarters 33 per cent 
were repaired. Mechanical-joint re- 
pairs have been limited to tightening 
of loose bolts and replacement of a few 
broken follower rings. In 1954 there 
were 37 (51.5 per cent) pipe failures 
due to construction accidents during 
work on enlargement of the sewer and 
street systems. 

Inasmuch as the frequency of pipe 
breaks has accelerated during the past 
several years simultaneously with the 
diminishing of the incidence of sulfur 
compound joint failures, it can be con- 
cluded that the pipe is losing tensile 
strength, possibly because of a corro- 
sion factor. This would agree with 
the experience at Detroit where ex- 
ternal corrosion has caused a loss of 
metal to a point that it is a factor in 
breaks. Corrosion in Indianapolis is 
internal rather than external, and this 
problem has been solved by the use of 
cement lining. The record of only two 
pipe breaks in mechanically jointed 
lines since inception in 1949 confirms 
the original opinion that this type of 
joint has a decided advantage in reduc- 
ing pipeline maintenance. 

The much higher frequency of 
breaks in Detroit indicates that some 
outside factor exists that is not present 
at Indianapolis. If all factors present 
are common, however, then they exist 
in a much higher degree at Detroit. 
Garrity has certainly made a very thor- 
ough approach to his problem and he 
is to be commended for the work ac- 
complished. It provides a substantial 
contribution to the study of causes of 
pipeline failures. 


|| 
; Year of | 
tion | 


Factors Causing Main Failures 


Frank E. Dolson 


A paper presented on Sep. 28, 1954, at the Missouri Section Meeting, 
Jefferson City, Mo., by Frank E. Dolson, Distr. Supt., St. Lowis County 


Water Co., University City, Mo. 


OST water works men are at a 

disadvantage when confronted 
with the problem of determining the 
reasons for a pipe failure. Few, if any, 
make a careful analysis of each failure, 
because the major concern is the 
rapidity with which repairs can be ef- 
fected and the line returned to service. 
Perhaps the reason behind this ap- 
parent lack of interest in making a 
determination of the causes of failures 
is that it is somewhat analogous to 
locking the barn door after the horse 
has been stolen: the pipe has been laid, 
the mistakes have been made, some 
failures are unavoidable, and rapid re- 
pair and return of the line to service 
in the least possible time is the best 
that can be done under the circum- 
stances. 

The AWWA is performing an in- 
valuable service in the attempt to de- 
termine the reasons for pipe failures. 
A task group has been activated with a 
directive to study breaks in water dis- 
tribution systems. The AWWA has 
also been responsible for excellent 
specifications that cover the manufac- 
ture of various types of pipeline ma- 
terial and the installation of cast-iron 
pipe. Very few failures would happen 
if proper selection of material were 
made, and if pipelines were laid in 
strict accordance with specifications— 
the AWWA’s for cast-iron pipe or the 
manufacturer’s for other types. 


Thomas F. Wolfe’s excellent paper 
on the prevention of breaks in cast-iron 
pipe (1) is recommended reading for 
anyone interested in the subject. The 
paper attempted to determine the cause 
of pipeline failures through a survey 
in eighteen Illinois and Wisconsin 
cities with populations of less than 
100,000. There were 2,034 miles of 
pipe in the systems covered by this 
survey. During the most favorable 
year, although not necessarily the best 
for a specific utility, the total number 
of breaks was sixteen. In the least 
favorable year, 55 breaks occurred. 
The total of all breaks occurring during 
the period of the survey indicated that 
the major cause (46 per cent) was faulty 
construction or interference by other 
underground construction. No reason 
was given for 29 per cent of the breaks. 
Other causes were: excessive pressure, 
9 per cent; corrosion, 8 per cent; ex- 
cessive load, 4 per cent; and faulty 
pipe, 4 per cent. This survey shows 
that there is a need for some standard 
method of analyzing and reporting 
pipeline failures. One of the jobs con- 
fronting the task group is the formula- 
tion of such a standard in order that 
data secured may be used to furnish 
understandable statistics. 

The Indianapolis Water Co. made an 
analysis of pipeline failures occurring 
in 1926-54 (see p. 460 in this issue). 
It is quite difficult to correlate these 
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data with those in Wolfe’s survey. The 
description of the causes of failures in 
some instances are entirely different, 
even though similar factors were in- 
volved. 


Material Selection 


The present-day water works oper- 
ator has a distinct advantage over his 
predecessors in the selection of materials 
for transmission and distribution pipe- 
line systems. A larger variety of well 
designed material is now readily avail- 
able at competitive prices. It is the 
operator’s duty and responsibility to 
exercise care in material selection for 
a particular environmental condition. 
For example, it would be a poor choice 
on the part of the operator to select a 
thin-wall steel pipe for use in a cor- 
rosive environment unless sufficient 
precautions were taken. It might also 
be a bad choice to select cast-iron pipe 
for the same type of environment. 
With severe water hammer conditions 
present, it might be an inferior choice 
to select any type of pipe unless proper 
water hammer control equipment were 
also installed. Some pipes have better 
characteristics for resisting beam and 
cantilever stresses than do others. The 
designer or person charged with the 
responsibility for selecting materials 
should take these and other factors into 
consideration when choosing a certain 
type of pipe for a particular applica- 
tion. 


Manufacture 


The four types of pipeline material 
now in common use for transmission 
and distribution systems are cast iron, 
steel, asbestos-cement, and concrete 
(either nonprestressed, prestressed, or 
prestressed cylinder type). The 
AWWA, in cooperation with the man- 
ufacturers of these products, has done 
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a good job of writing specifications 
which insure the final user of a su- 
perior product. In cast iron, the de- 
sign is predicated on research per- 
formed at the Iowa State College. The 
design is conservative, being based 
upon working pressure, water hammer 
allowance, and earth loads, plus a 
safety factor of more than 2}, with sup- 
plemental allowance for corrosion and 
factory tolerance. In 6-in., Class 150 
cast-iron pipe, the specifications result 
in a pipe that will withstand an internal 
pressure of approximately 2,200 psi. 
The specifications insure material con- 
trol, and each individual pipe must be 
tested at the foundry to either 400 or 
500 psi, depending upon size and metal 
thickness. Other types of pipe are also 
conservatively designed, with adequate 
precaution against manufacturing de- 
fects by virtue of adequate material 
control and testing procedure. Be- 
cause the manufacturing process is so 
well controlled by specifications, ma- 
terial testing, and pressure tests, it is 
unusual to find a pipeline failure caused 
by deficiencies in production. 


Handling 


Damage to pipe before installation 
can be, and often is, the cause of fail- 
ures. Rough handling at the point of 
manufacture, by the carrier, in transit 
from the carrier to the job site, and 
by the force making the installation 
often results in irreparable damage to 
the material. Hairline cracks can be 
caused by the bumping of one pipe 
against another, or by the dropping of 
a pipe on a hard object, and these 
cracks cannot always be discerned by 
the so-called hammer test. This is par- 
ticularly true in cast-iron pipe having a 
cement lining. 

The St. Louis County Water Co. has 
had many breaks on newly laid pipe- 
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lines where there have been no ap- 
parent causes for the failure other than 
an incipient hairline crack. It is char- 
acteristic of these breaks that the split 
traverses the pipe longitudinally from 
the spigot end to the bell section. 
Often the split progresses into the bell. 
At other times, the pipe splits from end 
to end with a section at any point in 
the pipe being blown away from it. 
This type of break sometimes occurs 
when the pipe is resting on a hard ob- 
ject. In most of these cases, however, 
the pipe fails by beam action which 
results in a transverse break somewhat 
similar to the way a match would break 
if bent between the fingers. Some 
large-diameter pipes, in service for 
many years, have failed with a split 
extending from the spigot end to the 
bell. Careful inspection revealed no 
installation condition that could be re- 
sponsible. Examination of the rup- 
tured metal often revealed rust spots 
in the vicinity of the spigot end and 
bright metal elsewhere along the split. 
One conclusion that can be drawn is 
that the original pipe suffered a fine 
hairline crack in the spigot end at or 
before the time of installation and that 
ability of the pipe to resist internal 
pressures during the period of usage 
was due only to the fact that the spigot 
was restrained by the jointing material 
in the bell of the adjacent pipe. It is 
prudent for operators to take all means 
to insure that the various types of pipe 
are handled with the utmost care prior 
to installation if failure-free service is 
to be enjoyed afterwards. 


Installation 


Most failures in pipeline systems are 
caused by faulty installation, as indi- 
cated in the Wolfe survey and the 
Indianapolis Water Co. analysis. Pipes 
are not designed to act as beams, yet 
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they are often installed in trenches so 
that beam action stresses are superim- 
posed upon other normal stresses. A 
6-in. cast-iron pipe, 18 ft long, is a very 
uneconomical beam section. A stand- 
ard beam for an 18-ft span, with a nor- 
mal uniform load, would have a depth 
of about 9-10 in. if deflection stand- 
ards were not exceeded. Beams are 
generally designed to have the greatest 
mass of metal at the farthest point 
from the neutral axis. A pipe is a 
very inefficient section compared to an 
I-beam when used for resisting stresses 
induced by beam action. 

Generally, a break caused by beam 
action stress is a transverse break. 
The metal is open more at the top than 
at the bottom if the pipe is acting as a 
cantilever, or the reverse if the pipe is 
acting as a simple beam. There may 
or may not be displacement of one end 
relative to the other in breaks of this 
kind. Failures of this type can be pre- 
vented by following the AWWA speci- 
fications for laying cast-iron pipe. 


Trench Conditions 


Trenching, blocking, and _ backfill 
conditions are important factors in in- 
creasing or reducing stresses caused by 
beam action. Ring stresses caused by 
the use of blocks and the depth of cover 
are provided for in the ASA standard 
method for computing wall thickness. 
Beam action can be eliminated by 
proper laying processes. 


Joints 


Defective joints also are a major 


source of trouble in pipelines. This 
type of failure is easily controlled by 
the operator. The popularity of me- 
chanical joints or rubber ring joints, 
such as those used on concrete, as- 
bestos-cement, and cast-iron pipe, is 
rapidly reducing the number of joint 
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failures on newly laid pipelines. Those 
who prefer to use poured joints, either 
lead or sulfur cement, are doing so be- 
cause of economic considerations, with 
the full realization that there will be 
some added expense for repairing de- 
fectively poured or calked joints. 


Corrosion 


Corrosion, although not always ob- 
vious, is very often the cause of failure. 
Pipes frequently fail in the early morn- 
ing when pressures generally are at 
their highest. The increase, about 10— 
50 psi, is small in relationship to the 
ultimate bursting pressure of the pipe. 
At first glance it seems odd that pipes 
which have been hydrostatically tested 
to 500 psi and have given years of 
service should fail when the pressure is 
raised a small amount above normal. 


Often the burst pipe appears sound. 
Yet a closer inspection may reveal 
serious deterioration by bacterial ac- 


tion. In such cases the pipe retains its 
original shape although the iron has 
been converted into corrosion products, 
which, together with the original 
graphite, result in a pipe that appears 
sound. Surprisingly, although only a 
fraction of the original strength re- 
mains, the pipe is capable of carrying 
water under pressure for some time if 
not subjected to above-normal pressure 
differentials. 

Environmental conditions favorable 
to the growth of sulfate-reducing bac- 
teria, a factor in this type of corrosion, 
are: [1] neutral pH (about 7); [2] 
absence of oxygen; [3] a source of or- 
ganic nutrients; and [4] a source of 
sulfates. Pipe subjected to such cor- 
rosion generally appears sound, with a 
dull black color and no evidence of pit- 
ting. It is possible, however, to make 
large indentations in the pipe with a 
sharp-pointed, hardened-steel tool. An 
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obvious solution to this problem is the 
use of nonferrous materials, or, if fer- 
rous materials are utilized, the pro- 
vision of an adequate coating to prevent 
contact between the metal and the sur- 
rounding soil. 


Other Factors 


Other factors which cause pipeline 
failures include: [1] disturbances due 
to other underground construction ; [2] 
temperature variation ; [3] water ham- 
mer; [4] too large taps; [5] faulty 
service line connections ; and [6] faulty 
thrust blocking. 

Disturbances due to other under- 
ground construction. These are a 
major cause of pipeline failures and 
one of the most difficult to control. Al- 
though an important factor, such a dis- 
turbance is really an accident, and the 
mere mention of it should suffice for 
this discussion. Procedures of inspec- 
tion or operation can be devised to 
minimize such accidents. 

Temperature variation. Stresses 
caused by temperature changes are a 
more important factor than is generally 
thought. Such stresses acting alone 
are insufficient to cause failure but, 
when they are combined with other 
stresses induced by either beam or 
cantilever action, failures do occur. It 
may be safely postulated that the 
stresses induced by shrinkage due to 
temperature changes are minor. In the 
Midwest the temperature of a pipe 
prior to installation may be as high as 
150°F, while the low temperature, after 
installation, would ordinarily be some- 
what above freezing. This tempera- 
ture differential of 118°F will result 
in a metal stress of approximately 
9,000 psi if the ends are fully re- 
strained. In view of present specifica- 
tions regarding metal strength, this is 
a safe stress. It is obvious that the 
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maximum induced stress would be ma- 
terially reduced by any joint move- 
ment. 

On the other hand, temperature 
stresses must be an important factor in 
pipeline failures. This element is 
necessary to explain the large number 
of failures which generally occur in 
the late fall or early winter. During 
this period the St. Louis County Water 
Co., in the operation of a system com- 
prising about 1,400 miles of pipe, most 
of which is 6-in., 8-in., and 12-in. diam- 
eter cast iron, routinely anticipates a 
large number of cast-iron pipe failures. 
Generally, these pipelines have given 
years of trouble-free service. It is be- 
lieved that stresses induced by tempera- 
ture, combined with those due to beam 
action, are the primary cause. 

Water hammer. This factor in pipe- 
line breaks can be minimized by proper 
design and operating procedures. It is 
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obvious there will be failures if water 
hammer surges of two to six times the 
operating pressure are allowed to 
occur. Quick closure of valves on 
any size pipeline should be avoided. 
Surges, due to power failures on trans- 
mission lines, can be limited by the in- 
stallation of properly designed surge 
suppression equipment. Although 
troublesome, surges can be easily con- 
trolled. 

The other causes previously men- 
tioned—too large taps, faulty service 
line connections, and faulty thrust 
blocking——are well within the control 
of the utility operator. Diligence and 


carefulness on his part in making pipe- 
line installations should minimize fail- 
ures caused by these factors. 


Reference 


1. Worre, T. F. How to Prevent Breaks in 
Cast-Iron Pipe. Jour. AWWA, 38:765 
(Jun. 1946). 


= 
</> 
/ 
a 
lean 


Problems of Small Water Systems 
in Maryland 


Holmes Orgain 


A paper presented on Oct. 28, 1954, at the Chesapeake Section Meet- 
ing, Baltimore, Md., by Holmes Orgain, San. Engr., State Board of 


Health, Baltimore, Md. 


N Maryland, the State Board of 
Health, specifically the Div. of San. 
Eng., has been vested with the respon- 
sibility of inspecting and regulating 
operation of public water supplies. 
The tendency toward decentralization, 
together with the housing shortage, has 
prompted construction of a large num- 
ber of outlying projects, many of which 
have a central water supply system. 
These installations vary in size from 
those consisting of one well and pres- 
sure tank to plants providing complete 
treatment and adequate storage and 
distribution systems. The areas served 
vary from a few homes to communities 
of several hundred houses. This paper 
deals with the small water supply, 
whose problems of operation are many 
and varied. Recently, the Federal 
Housing and the Veterans Administra- 
tions have been instrumental in helping 
to develop satisfactory water supplies 
for housing projects. The two agen- 
cies do this by withholding property 
loans until the supply has the approval 
of the State Board of Health. 

The number of public water supplies 
in Maryland fluctuates slightly from 
year to year as additional supplies are 
developed and existing ones are re- 
duced by incorporation with those of 
towns or sanitary districts. The total 
number, year after year, seems to re- 


main at approximately 200. By actual 
count, there were 197 at the end of 
1953. Of this number, 79, or 40 per 
cent, failed to meet generally accepted 
standards for drinking water. These 
substandard supplies, however, serve 
only 2.2 per cent of the state’s popula- 
tion. Although, numerically speaking, 
relatively few people are affected by 
these water supplies, a tremendous job 
remains to be done before all will con- 
sistently produce a water of satisfac- 
tory quality for it is more difficult to 
get deficiencies corrected in a small 
community than in one having consid- 
erable population. 


Financing and Management 


In 1953 inspection of a small water 
supply revealed that the source, a small 
mountain stream, was being polluted 
by nearby coal-mining operations. A 
study of the problem indicated that 
the stream could no longer serve as a 
source of water unless extensive treat- 
ment was employed. The system 
served only about 25 residences, so 
treatment of the surface supply was 
not economically feasible. The Div. of 
San. Eng., therefore, recommended 
that a source of ground water be inves- 
tigated. Engineers of the health de- 
partment contacted the State Dept. of 
Geology, Mines, and Water Resources 


470 


— 


May 1955 


to obtain any information available on 
the practicability of developing a well. 
Men who were experienced in well- 
drilling operations in the area were 
also queried about the probability of 
obtaining water in sufficient quantities 
without drilling to excessive depths. 
The area of the community is honey- 
combed with coal mines, mostly aban- 
doned. Water taken from an old mine 
working usually results in a supply 
which is extremely aggressive. 

The people of the community felt 
that the coal mine operators should 
pay the full cost of a well and pump- 
ing equipment. The operators, realiz- 
ing that they had a _ responsibility, 
agreed to pay a share of the cost. No 
agreement could be reached in spite of 
the fact that representatives of the Div. 
of San. Eng., the Bureau of Mines, and 
even the Asst. State Attorney attended 


numerous meetings in an attempt to 


reach a satisfactory settlement. Resi- 
dents of the community have proceeded 
to drill and equip a well, and have em- 
ployed an attorney in the hope that 
the cost can be recoveied from the coal 
mine administrators. Located in the 
same general area as this small supply 
is a filtration plant serving about 50,000. 
Even though many thousands of dol- 
lars have been spent enlarging and im- 
proving facilities at the filtration plant, 
inspections of construction work in 
progress have required less time than 
has been spent at the smaller installa- 
tion. Neither of these projects is yet 
complete. It appears that much more 
time is required to reach a satisfactory 
solution of the problems at small plants 
than at large ones. 

Lack of money is always an issue 
when improvements are to be made to 
a public supply system. For the small 
water supply no money. was available 
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to drill a well and to purchase pumping 
equipment. During one of the town 
meetings, it was brought out that many 
of the residents connected to the supply 
did not pay the customary charge. Ex- 
actly why this was so, no one seemed 
to know. In fact, one of the members 
of the water committee made the state- 
ment that he had not paid his bills for 
the past 4 months. The committee had 
previously voted to supply all residents 
over 65 with water free of charge. 
The total amount of money received for 
water services was barely adequate to 
pay current expenses, with nothing left 
over for repairs or improvements. The 
lack of efficient financial management 
in small public water supplies presents 
a problem to a community when funds 
are needed. 


Absence of Management 


The author has had the occasion to 
deal with small public supplies in 
Maryland which had no management 
at all. In fact one system called to the 
attention of the division by a county 
sanitarian had no owner at all. The 
developer of a housing project of about 
30 houses had installed a works con- 
sisting of two wells, pressure tanks, 
and a distribution system. Unknown 
to the health department, the supply 
had been operated for several years 
before the first inspection was made. 
After talking with some of the local 
residents, none of whom had any au- 
thority or were responsible for opera- 
tion of the water facilities, it was 
learned that the original developer had 
sold all the properties to individuals, 
and had also included in the property 
deeds the right to use the water supply. 

One resident, at the request of the 
health department, called a meeting of 
the property owners for the purpose of 
organizing a corporation or company 
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to form a legal body to purchase and 
assume responsibility for operation of 
the supply. The meeting was held in 
the home of the man who had made the 
arrangements, and only those people 
living in the upper half of the one- 
street community appeared. It was 
later learned that the community was 
divided into two factions. People liv- 
ing on one end of the street were not 
in complete agreement, on how a water 
system should be operated, with those 
living on the other end. The system 
had a well located at each end of the 
street, and the one-pipe distribution 
system was divided at the center point 
by a closed valve. Although it was 
recommended that one corporation be 
formed to acquire the facilities and op- 
erate both wells to supply water to 
the entire community, it was soon 
seen that no such proposal would work. 
The installation continued to be oper- 
ated as two separate systems, each 
group collecting revenue for services 
and making repairs to that portion of 
the system supplying it with water. 
No one was responsible, nor did any- 
one have authority to make improve- 
ments. The wells, pressure tanks, and 
pumping equipment were in a deplora- 
ble condition, and the results of bac- 
teriological sampling showed the water 
to be grossly polluted. 

The health board issued an order on 
the original developer, because it was 
learned that he had retained legal title 
to the plots of ground on which the 
wells were located. The developer and 
his attorney visited the health depart- 
ment to notify it that in his opinion 
the developer had no legal or moral 
obligations about the water supply. 
Nevertheless, arrangements were made 
to transfer the legal title of the wells to 
the property owners. In order to do 
this, two separate companies had to be 
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organized. After they had _ been 
formed and title to the supply facilities 
transferred, the health department was 
able to get representatives of each com- 
pany to install chlorinating equipment. 
Although these supplies now have legal 
owners, numerous operating problems 
have developed. Hypochlorinators 
purchased to be used with the water 
systems were designed to operate on 
a 30-psi differential pressure. The 
pumps could not create the pressure 
differential required and still deliver 
sufficient water to meet the demand. 
A booster pump has since been in- 
stalled to operate with one of the chlo- 
rinators. Disinfection of the other 
supply is sporadic and unsatisfactory ; 
bacteriological samples are periodically 
collected from the system. The two 
supplies are being operated by resi- 
dents of the community whose main 
interests are their regular jobs which 
furnish a livelihood. Thus, the opera- 
tion of the system is incidental to other 
interests. 

Operation of small public supplies 
seems always to be a major problem. 
Even though adequate facilities are 
provided, many times a water of infe- 
rior quality is distributed because of 
inefficient plant operation. This is 
particularly true for the operation of 
hypochlorinating units. Most small- 
plant operators are employed on a part- 
time basis, often receiving no pay for 
their efforts, and do not do a thorough 
job of operation and maintenance. 
Should mixing of a hypochlorite solu- 
tion for the public supply interfere with 
other plans or necessitate going out in 
bad weather, preparation of the solu- 
tion is usually deferred until a more 
opportune time. At one installation, 
the town mayor is responsible for op- 
erating the well pump and hypochleri- 
nator. Although the health department 
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was instrumental in getting the mayor 
and council to install the chlorinator on 
the supply, efforts of the division have 
been unsuccessful in keeping it in op- 
eration. Positive bacteriological sam- 
ples were being received regularly, and 
frequent investigations by personnel of 
the division showed that chlorinating 
equipment was not being properly op- 
erated. Sometimes the solution crock 
was dry, on other occasions the town 
was without calcium hypochlorite. 
Once, the solution crock was broken 
and the chlorinator was not in opera- 
tion until another could be secured, 
several weeks later. At one time, the 
chlorinator and well pump were not 
serviced for a prolonged period due to 
illness in the mayor’s family. There 
are numerous reasons why small plants 
are not properly operated. but the main 
reason why many are grossly neglected 
is that persons responsible for opera- 
tion and maintenance received little or 
no compensation for their services. 


Cross Connections and Drought 


Another type of small-supply oper- 
ating problem, from a public health 
standpoint, is the existence of cross 
connections between the community 
supply and privately owned installa- 


tions. Although cross connections are 
sometimes found in any water system, 
the most numerous seem to occur in 
shore properties where the community 
system is operated only during the 
summer. More and more people are 
using waterfront sites or shore proper- 
ties as year-round residences, and have 
developed privately owned wells (usu- 
ally shallow in depth) to furnish water 
during periods when the community 
system is not in operation. The house 
distribution system alone forms a cross 
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connection between the two supplies. 
On more than one occasion, as many 
as 20 privately owned wells have been 
found to be cross connected with the 
public system. Many privately owned 
wells are still Lsing used to augment or 
substitute for tire oublic water supply, 
but an earnest effori tas been made to 
sever the cross connections, or replace 
them with approved couplings. 

Although the public health engineer 
is primarily interested in quality, quan- 
tity sometimes plays an important part 
in the creation of health hazards and 
other serious problems. During the 
extended dry spell which began in June 
1953 in central, southern, and eastern 
Maryland, many small supplies had to 
provide for additional water to aug- 
ment the usual sources. In one in- 
stance the shortage became so acute 
that it was necessary to use emergency 
Federal Civil Defense Administration 
(FCDA) engineering equipment to 
treat water obtained from a different 
location. In another community, water 
had to be hauled by tank trucks and 
pumped into the distribution system. 
Other small towns and communities 
with public systems had to obtain 
water from emergency sources or were 
forced to develop additional sources to 
complement the rapidly dwindling 
supply. 

A sanitary engineer is faced with 
several problems when a town runs 
out of water. Because all normally 
water-carried wastes immediately ac- 
cumulate to form a public health haz- 
ard, water for the community must be 
secured as soon as possible. At one 
municipality, water from a stream lo- 
cated approximately 14 miles from the 
periphery of the town distribution sys- 
tem was pumped, filtered, and trans- 
ported through a temporary 8-in. main, 
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using FCDA emergency engineering 
equipment stockpiled for use during 
major disasters. 

The water shortage was officially re- 
ported to the health department on 
Jul. 20, 1954, and emergency equip- 
ment was placed in operation on July 
27. Although 7 days may seem to be 
a long time when an acute water short- 
age is in progress, actually the neces- 
sary approval to use FCDA emergency 
equipment was speedily and effectively 
executed. A modern emergency filtra- 
tion plant, with a capacity of slightly 
less than 0.5 mgd, together with 7,750 
ft of 8-in. transmission main, was as- 
sembled and placed in operation dur- 
ing the l-week period. At the end of 
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August, 5.8 mil gal had been treated 
and pumped into the town system. As 
much water as could be obtained from 
the usual sources of supply was also 
treated to help meet the requirements. 
A new filter plant, located on a larger 
stream, is now under construction and 
it is hoped that a similar acute short- 
age will not happen again. 


This paper has mentioned only a few 
of the problems which a sanitary engi- 
neer encounters when dealing with 
small public water supplies. Although 
the difficulties are numerous, and many 
are without an immediate solution, im- 
provements to these systems are gradu- 
ally being accomplished. 
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Financing New Water Main Extensions 
in California 


Philip F. Walsh 


A paper presented on Oct. 27, 1954, at the California Section Meeting, 
Long Beach, Calif., by Philip F. Walsh, Chairman, California Commit- 
tee on Subdivision and Main Extension Rules; Vice-Pres., Southern 


California Water Co., Los Angeles. 


ATER main extensions for new 
areas have presented one of the 
most difficult financial problems the 
utilities of California have ever faced. 
This has been particularly true in the 
postwar years because of the huge in- 
flux of population into California and 
the great number of new subdivision 
developments. The chart, Fig. 1, 
shows the population of California for 
several decades and includes a forecast 
of 14,500,000 people in 1960. There 
will undoubtedly be a continuation of 
the construction of new homes until 
1960 at an average rate at least equiv- 
alent to that of the preceding decade. 
The great majority of new homes ob- 
tain service from a publicly or privately 
owned water utility. Therefore, the 
unprecedented and continued growth 
of new residential construction is di- 
rectly related to the water utilities’ 
problem of financing new services, 
main extensions, and water production 
facilities. Generally speaking, there 
appears to be no indication in the trend 
of residential housing construction that 
would justify the conclusion that the 
water utilities’ present problem of 
financing for new business will become 
less serious in the near future. 
The California Section of AWWA 
recognized this problem, and in De- 


cember 1953 the chairman appointed a 
committee of seven members to carry 
out an investigation. Meanwhile, the 
California Public Utilities Commission 
had received numerous inquiries about 
the revision of present water main ex- 
tension rules from various utilities 
throughout the state. 


Investigation on Rule Changes 


On Oct. 20, 1953, the commission 
instituted Case 5501 for an investiga- 
tion, on its own motion, into the rea- 
sonableness of water main extension 
rules then effective for water utilities 
under its jurisdiction and the develop- 
ment of such extension rules as seemed 
reasonable. The commission order in- 
stituting the investigation stated the 
purpose thus: 


. . to determine whether the rules, 
regulations, contracts and practices, or 
any of them with respect to the extension 
of water mains by privately owned public 
utility water systems throughout the 
State, are unjust, unreasonable, discrim- 
inatory or preferential in any particular, 
and to determine the just, reasonable and 
proper rules, regulations, contracts and 
practices, or any of them, applicable to 
said water main extensions, and to fix 
the same by order... . 


A letter from the commission in 
November 1953, addressed to all pri- 
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vately owned public water utilities and 
other interested groups, stated, in part: 


To consolidate these applications for 
hearing, to review the present main ex- 
tension practices of all water utilities 
under this Commission’s jurisdiction, and 
to determine the extent of modifications 
that may be warranted to conform to 
present economic conditions and other 
factors, the Commission has ordered an 
investigation of these matters on a state- 
wide basis under Case 5501. 

It is our understanding that many of 
the water utilities under this Commis- 
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sion’s jurisdiction are willing to do much 
of the work required in developing both 
basic data and proposed changes in ex- 
tension rules... . 

In this way it is contemplated that all 
minor differences would be worked out 
at industry level, thus limiting the record 
before the Commission to proposals pre- 
dicated upon materially divergent theories 
and policies. 


Parallel hearings were held before 
the commission in San Francisco on 


Dec. 11, 1953, and in Los Angeles on 
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Dec. 15, 1953. These hearings re- 
sulted in the formation of the California 
Committee on the Revision of Water 
Main Extension Rules and Regula- 
tions. Because the California Section 
committee had already been estab- 
lished, it served as the nucleus of the 
California committee. Members of the 
water utility industry and federal, 
state, and local authorities, as well as 
real estate and other organizations and 
individuals, were extended invitations 
to serve on the committee. 

The California committee held a 
series of meetings both in San Fran- 
cisco and in Los Angeles so that all 
those interested in the investigation 
would have a full opportunity to ex- 
press their views and participate in the 
committee work. Public hearings were 
held before the commission at San 
Francisco and Los Angeles on eight 
separate days during the period Dec. 
11, 1953—Jul. 12, 1954. 


Main Extension Practices 


An analysis of water main extension 
rules on file with the California Public 
Utilities Commission as of Jun. 30, 
1953, pointed out that there was a wide 
divergence of rules among the regu- 
lated water utilities and an even wider 
divergence between privately owned 
utilities and publicly owned utilities. 
In general, the rules of the privately 
owned utilities provided that exten- 
sions to serve new individual customers 
were made at the company’s expense 
when the total length of main extension 
did not exceed 100 (or, in some cases, 
150) ft per service connection. If the 
free-footage allowance was exceeded, 
the applicant was required to advance 
the estimated cost of the excess, ex- 
clusive of the cost of the service con- 
nection, meter, or other facilities. The 
estimated cost of the extension had to 
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be computed on the basis of the cost of 
a main no larger than 4 in. in diameter, 
regardless of the size installed. The 
advance was subject to refund on the 
basis of the estimated cost of 100 ft 
or 150 ft of main extension for each 
additional customer directly connected 
to the extension. No interest was paid 
on the advance, and the agreement was 
in effect for a period of 10 years. 

For most extensions to serve new 
subdivisions, the applicant advanced 
the cost of the distribution mains, ex- 
clusive of service connections, fire hy- 
drants, and meters. Any additional 
water supply and pressure or storage 
facilities that might be required for the 
project had to be provided by the 
utility. The advance was usually sub- 
ject to refund without interest, at the 
rate of 35 per cent of the gross revenue 
collected from all the customers di- 


rectly connected to the extension. The 
agreement was in effect also for a 


period of 10 years. The publicly 
owned utilities usually required the 
applicant to pay the entire cost of the 
installation of the facilities, generally 
without refund, although in some cases 
an allowance was made. In addition, 
some publicly owned utilities required 
the applicant to pay a meter connection 
charge for each house. 


Financing Extensions 


E. F. McNaughton, the director of 
the public utilities department of the 
California commission ably stated (7) 
the problem thus: 


One of the outstanding rules, as to im- 
portance, relates to the basis of making 
extensions to serve new territory. This, 
of course, taps the fundamentals of the 
water works business while the service 
area is growing. Extension rules should 
be framed so as to encourage desirable 
new business, to add to and to build up 
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the system, yet safeguard the main body 
of consumers by keeping out growth that 
is unprofitable and that otherwise would 
be a burden to the main system. 


The committee set out, through a 
series of exhibits in Case 5501, to prove 
that the present main extension rules 
and regulations under which most of 
the privately owned utilities in the 
state were operating were inequitable 
to both the utility and its customers. 
In theory, the main extension rule was 
intended to obviate the possibility of 
placing an unfair burden upon existing 
customers through increased rates due 
to extensions that were not economi- 
cally feasible, practical, or profitable. 

In periods of abnormal growth, such 
as experienced throughout California 
since the end of World War II, the 
combination of inflated construction 
costs and inequitable extension rules 
had forced the utility to make invest- 
ments considerably over the average 
for existing customers. An analysis of 
the total gross depreciable fixed capital 
per customer as reported by thirteen 
utilities in their annual reports to the 
Public Utilities Commission for 1945— 
52, inclusive, indicated the average per 
customer in 1945 to be less than $215, 
while in 1952 it was over $265 (Fig. 
2). A further analysis of ten utilities 
and their average gross distribution- 
main capital per customer for 1945— 
52, inclusive, showed that this invest- 
ment was a little over $95 per customer 
in 1945, and nearly $125 in 1952 (Fig. 
3). This increased capital investment 
made it necessary for the utility con- 
stantly to seek new money and new 
rate structures in order to earn a fair 
return on the investment created by the 
addition of new customers. Because 
of the higher rates supporting the in- 
creased investment, a substantial bur- 
den was placed on existing customers. 
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The rules also seriously jeopardized 
the adequacy of service to all cus- 
tomers. The ratio of net revenue to 
gross revenue after direct expenses, 
depreciation, and taxes was such that 
the refund requirements for new sub- 
divisions could not be developed from 
the revenues from new customers in 
the subdivisions. An analysis of the 
annual reports to the Public Utilities 
Commission made by fifteen utilities 
for 1950-52 showed that an average of 
25 per cent of the gross revenue was 
left after all operating expenses, de- 
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Fig. 2. Total Gross Depreciable Capital 
per Customer 


The figures were reported by thirteen 
utilities except for the period 1945-47, 
when only twelve presented data. 


preciation, and federal income taxes 
(Fig. 4). The extension rule provided 
that the refunds were to be made at a 
rate of 35 per cent of the gross revenue. 
Eleven of the fifteen utilities analyzed 
were below the average and only four 
were above. 

It was obviously necessary for the 
utility to secure new money to make 
part of the refund. This revenue had 
to be raised from one or more of the 
following sources: [1] new financing; 
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[2] depreciation ; [3] use of other con- 
sumers’ advances; and [4] earned sur- 
plus. This imposed a severe problem 
on the smaller utilities because of their 
inability to effect new financing, owing 
to their unbalanced corporate structure. 
It was evident that a new extension 
should be self-supporting, insofar as 
refunds were concerned, to eliminate 
this part of the problem. 


Committee Principles 


The committee developed the follow- 
ing principles, which were acceptable 
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Fig. 3. Total Gross Distribution-Main 
Capital per Customer 


The data were presented by ten utilities 
except during 1945-47, when only nine 
reported. 


to the majority, but which some mem- 
bers felt were not severe enough: 

1. New extensions should not im- 
pose a burden upon existing customers 
through increased rates. Each exten- 
sion should be self-supporting. 

2. Applicants for extensions should 
advance the total cost of all facilities 
from the nearest existing main of ade- 
quate capacity. (The term “all fa- 
cilities” includes distribution mains, 
services, fire hydrants, and any plant 
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or backup that is specifically required 
for service to the applicant. ) 

3. The same rule should apply to 
applicants for extensions whether in 
existing streets or in new subdivisions 
because the economic problem is the 
same to the utility. Refunds for both 
types of extensions should be made on 
the same basis. 

4. Applicants for extensions should, 
by some method, advance the cost of 
the portion of new plant and backup 
which will ultimately be required to 
serve the new customers. This can be 
accomplished by limiting the refunds 
to a maximum amount so that there 
is an unpaid balance at the termination 
of the contract. 

5. Refunds should in no case require 
new financing, but should be developed 
from the revenues from the new cus- 
tomers on the extension. 


Suggested Extension Rules 


In testimony before the commission, 


the committee submitted three basic 
extension rules in a series of four ex- 
hibits : 

Fixed dollar refund method. ‘The 
basic concept of this rule was limita- 
tion of investment. The rule: 

1. Limited the allowance for refunds 
on extensions to the system average in- 
vestment in distribution mains and 
services per consumer. 

2. Assumed that distribution mains 
of 8-in. diameter and smaller were ap- 
plicable to distribution. Mains larger 
than 8-in. diameter were assumed to 
have the dual purpose of transporting 
and distributing water. 

3. Predicated refunds upon a uni- 
form fixed dollar amount per consumer 
per month for a 10-year period or 
longer. 

4. Required that, for new service 
connections, the applicant would have 
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to pay the average current cost less the 
system average investment in services. 

Cost to revenue principle. This rule 
assumed that the total investment in 
facilities could be related to the total 
annual revenue and expressed as a 
ratio, provided that the water system 
was earning a fair rate of return. 
Thus, the amount the utility can invest 
in main extensions bears approxi- 
mately the same relationship to the an- 
ticipated revenue as the existing utility 
investment in mains bears to the reve- 
nue from existing customers. Under 
this limitation, the excess of revenue 
over that required for maintenance, 
operation, and fixed cost of the mains 
can be utilized to support the backup 
facilities serving or required to serve 
the new customer. The object of the 
rule was to limit the utility’s invest- 
ment in mains to an amount deter- 
mined by the revenue to be derived 
from the new customer. Refunds were 
computed on the system average annual 
residential and commercial revenue per 
customer, or the estimated or guaran- 
teed revenue. 

Refunds based on percentage of 
revenue. This rule: 

1. Limited the allowance or refund 
on extensions to the system average in- 
vestment in distribution mains and 
services per customer. In no case 
would the utility be required to re- 
fund in excess of its ratio of invest- 
ment in distribution mains and services 
to total depreciation capital. 

2. Predicated the refunds upon the 
system average annual gross revenue 
per residential and commercial cus- 
tomer, or the estimated or guaranteed 
revenue. 

3. Recommended certain limits for 
establishing refunds, consisting of 15— 
20 per cent of system average gross 
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revenue per residential and commercial 
customer, and a 10-15-year refund 
period, depending upon the situation 
of the individual utility. 

Modified cost to revenue method. 
This rule: 

1. Limited the allowance or refund 
on extensions to the system annual 
gross revenue related to the ratio of 
the system average investment in dis- 
tribution mains and services to the sys- 
tem total average investment. 
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The figures were reported by fifteen utili- 
ties. Net revenue is after expenses, de- 
preciation, and taxes. 


2. Predicated the annual refund rate 
upon the annual gross revenue from 
new customers, as related to the system 
net revenue factor. 

3. Predicated the length of the re- 
fund period upon the total allowable 
refund divided by the annual refund 
rate. 

Each of the rules submitted by the 
committee was prepared for the pur- 
pose of establishing a principle. Con- 
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sequently, the rules were submitted in 
varying forms. The committee con- 
cluded it would be advisable to prepare 
an additional exhibit in which all the 
rules would be submitted in standard 
form using the same text and language 
wherever possible. This general text 
was prepared by the committee and 
subsequently submitted at a later hear- 


ing. 
Commission Staff Exhibits 


Following receipt of the committee’s 
evidence, the commission staff pre- 
sented its conclusions. The commit- 
tee’s principles, previously mentioned, 
were for the most part not acceptable 
to the commission staff, as indicated by 
the following summary of its conclu- 
sions : 

i. Customer advances should not in- 
clude cost of backup facilities unless 
agreed to by the parties and approved 
by the commission. 

2. For general extensions, the utility 
should provide distribution mains free 
up to a specified distance, roughly 
equivalent to the average length of 
distribution mains per customer on its 
existing system. 

3. The subdivider should advance 
the total estimated cost of the exten- 
sion, as well as the cost of services if 
he elects to install them or their instal- 
lation is required by public authority. 

4. Refunds of the full amount ad- 
vanced should be made if the extension 
develops a customer density compar- 
able to that of the balance of the sys- 
tem. 

5. In situations where the propor- 
tionate cost of refund works a hard- 
ship, the utility should be permitted to 
apply a percentage of revenue over a 
period not exceeding 20 years, subject, 
however, to termination of the agree- 
ment by mutual consent upon payment 
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of a lump sum if customer density on 
the extension approaches that on the 
balance of the system. 

The commission staff also offered in 
evidence several suggested extension 
rules which the committee felt were 
not much of an improvement over the 
old rules. There followed a series of 
informal conferences between members 
of the commission staff and the com- 
mittee in order to devise a rule which 
the commission would consider equitable 
to the public and the utilities, and 
which the committee members from 
the industry would regard as less bur- 
densome than the present rule. 

A rule meeting these conditions was 
finally worked out by the staff and the 
committee. Although the rule was not 
acceptable to some members of the 
committee, the majority agreed that, 
under it, most utilities could expand 
without becoming insolvent. This rule 
was offered into evidence. 


Commission Decision 


Having weighed all the evidence 
presented by the committee and com- 
mission staff, the commission handed 
down Decision 50580, issued its official 
order, and disposed of Case 5501. In 
the decision, under summary and con- 
clusion, the following appears: 


There is no doubt in our minds, upon 
review of the record, that the privately 
owned water utilities in California need 
relief from the conditions imposed by the 
present rules relating to refunds of ad- 
vances for main extensions. We, there- 
fore, are of the opinion and we find as 
a fact that the existing rules and regula- 
tions relating to water main extensions 
maintained by the privately owned public 
utility water companies in California are 
unjust, unreasonable and insufficient, and 
that the water main extension rule [de- 
scribed below] set forth in Appendix B 
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to the decision is and for the future will 
be the just, reasonable and sufficient rule 
respecting main extensions, to be ob- 
served by all such utilities. Should the 
prescription of said rule result in any 
increase in rates or charges, we hereby 
find that such increase is justified. 


The order made it mandatory for all 
private utilities in California, within 40 
days from the effective date of the 
order, to cancel existing regulations 
for the extension of water mains and to 
file with the commission the new form 
of rule as set forth in the order. The 
new rule became effective upon 5 days’ 
notice to the commission and to the 
public. 


Comparison of New and Old Rules 


General provisions. The new rule 
includes a number of general pro- 
visions, all of which are very important 
to the utility in applying it. Briefly, 
the general provisions: [1] define a 
bona fide customer ; [2] give the utility 
the right to design, locate, and con- 
struct the facilities to their specifica- 
tions, with title to the facilities remain- 
ing in the hands of the utility; [3] 
adjust estimated costs to the actual 
costs upon completion of the installa- 
tion; [4] refer disputes or disagree- 
ments in the application of the rule to the 
Public Utilities Commission for settle- 
ment ; [5] include revenue from fire hy- 
drant service in the computation of 
revenue refunds if the cost of the hy- 
drants is incorporated in the advance ; 
[6] do not require the utility to ex- 
tend its service for fire hydrants or 
private fire protection; [7] define the 
method of estimating the annual reve- 
nue for refund purposes; [8] require 
grades to be established by public au- 
thority before the utility is enjoined to 
extend its facilities into a new area; 
[9] permit the utility to elect installa- 
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tion of a parallel main extension if the 
property to be served is located ad- 
jacent to a street or highway exceeding 
70 ft in width, or a freeway, waterway, 
or railroad right-of-way; [10] allow 
estimated costs to be computed on fa- 
cilities over 4-in. diameter which are 
to be installed in compliance with gov- 
ernmental regulations; and [11] give 
a formula for terminating refund con- 
tracts by lump sum payment. 

Extensions to serve individuals. 
Under this section : 

1, The utility is obliged to extend 
its facilities for bona fide customers at 
its own expense if the total length of 
main extension from the nearest exist- 
ing distribution main is not more than 
65 ft per service connection. The ad- 
vance will not include the cost of serv- 
ice connections, meters, or increasing 


the size or capacity of existing mains 


or any other facilities used where 
necessary for supplying the extension. 
The estimate of cost for the advance 
shall not be based upon the cost of the 
main in excess of 4 in. in diameter, 
except where required by the special 
needs of the applicant. The advance is 
refunded by the utility without interest, 
in payments equal to the reasonable 
actual cost of 65 ft of main extension 
for each additional service connection, 
exclusive of that of any customer for- 
merly served at the same _ location. 
Refunds must be made within 180 days 
after the date of the first service to the 
customer, and no refunds are made 
after a period of 10 years from date 
of completion of the main extension. 
The total refund shall in no case ex- 
ceed the amount advanced. 

The old extension rule required the 
utilities to extend 100 or 150 ft for 
each bona fide service connection. The 
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refunds were predicated on the same 
footage, and the agreement was in ef- 
fect for a period of 10 years. 

2. Where a group of five or more 
applicants requests service on the same 
extension, or in other, unusual, cases 
where the commission approves, the 
utility may at its option require the ap- 
plicants to advance the entire cost of 
the main extension, as provided for in 
the subdivision extension rule. Re- 
funds may be made by a percentage of 
revenue method rather than by a pro- 
portionate-cost method. 

3. Refunds must be given to the ap- 
plicants making an advance where bona 
fide customers are served by a subse- 
quent main extension, either continu- 
ous or lateral, supplied from the orig- 
inal extension upon which an advance 
is still refundable, whenever the length 
of such further extension is less than 
65 ft per service connection. (This 
section is a complete departure from 
the old rule.) These additional re- 
funds are equal to the difference be- 
tween the service connection and the 
length of each required subsequent 
extension, multiplied by the average 
cost per foot of the extension used as 
the basis for the determination of the 
amount advanced. Where subsequent 
customers are served through a series 
of such main extensions, refunds are 
made to the applicants in chronological 
order, beginning with the first exten- 
sion in a series from the original point 
of supply, until the amount advanced 
by any applicant is fully repaid within 
a period of 10 years. If, however, the 
utility installs a main larger than that 
for which the cost is advanced (4 in.) 
to serve an individual or individuals, 
and a subsequent extension is supplied 
from such a main, the original ad- 
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vancers will not be entitled to the re- 
fund which might otherwise accrue 
from subsequent extensions. 

Extensions to serve subdivisions, 
tracts, housing projects, industrial de- 
velopments, or organized service dis- 
tricts. For service to one of these: 

1. The applicant has to advance the 
utility the estimated reasonable cost of 
the installation of distribution mains 
from the nearest existing main at least 
equal in size to the main required to 
serve the development, including neces- 
sary service stubs. Also paid for in 
advance are all appurtenances and fire 
hydrants when requested by the appli- 
cant or required by public authority. 
If additional facilities are specifically 
required to provide pressure or storage 
exclusively for the service requested, 
the cost of such facilities may also be 
included in the advance after approval 
by the commission. The advance never 
includes the cost of meters. This sec- 
tion of the new rule, which is the crux 
of the problem to California utilities, is 
far less burdensome than the old rule. 
It had been previously provided that 
the utility could only require the appli- 
cant to advance the cost of distribution 
mains, exclusive of service lines, fire 
hydrants, pressure and storage facili- 
ties, or meters. It is important that 
the new rule allows the utility to ex- 
tend from the nearest existing main at 
least equal in size to the main required 
to serve such development. Under the 
old rule if the utility had an inadequate 
main adjacent to the new subdivision, 
the advance was estimated from the 
nearest existing distribution main. 
This meant, of course, that in large- 
sized projects the utility was often 
called upon to back up to an adequate 
main at a considerable investment with 
its own money. 
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2. The advance is subject to refund 
by the utility, without interest, and 
at the utility’s option, under the pro- 
visions of either of the following 
methods : 

a. Proportionate-cost method. For 
each bona fide customer connected to 
the extension the utility must refund 
an amount in proportion to the ratio 


TABLE 1 


Economic Effect of New Extension Rule 
at Vista Acres 


Installation Costs 
Distribution mains* 
Service connectionst 
Fire hydrants} 
Meters§ 
Total 
Avg per lot|| 


Amount—$ 


Revenue and Expense 
Total 


Gross revenue 1,280,000 

Direct expenses and local 
taxes 

Depreciation expense 

Total expenses 

Net revenue 

Federal income tax 

Net revenue 


607,064 
122,804 
729,868 
550,132 
215,870 
334,262 


* Cast iron: total footage, 11,747; average footage, 33. 
t+ Copper pipes, |-in. diameter, total of 358. 
Standard 6 in., total of 17. 
Size } in. by } in., total of 358. 
358 lots. 
Average number of customers, 29,511. 


of 65 ft of main to the total footage of 
main in the extension for which the 
cost was advanced. That is, the utility 
installs 65 ft of pipe for each customer. 
The refund period is 10 years. In the 
old rule this free-footage allowance 
was either 100 or 150 ft, and the period 
of refund was also 10 years. 


34,294 
14,042 
5,574 
7,160 
61,070 
171 
Amount—$ 
Cus- 
tomer # 
43.37 
20.57 
4.16 
24.73 
18.64 
7.31 
11.33 
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b. Percentage of revenue method. 
The utility must refund 22 per cent of 
the estimated annual revenue for each 
connection on the extension for which 
the advance was made. Refunds may 
be made at the election of the utility, 
either annually, semiannually, or quar- 
terly for a period of 20 years. No in- 
terest is paid on the advance, and the 
refunds never exceed the original 
amount of the advance. Previously the 
old rule required the utility, under the 
percentage of revenue refund method, 
to refund 35 per cent of the actual 
gross revenue from each customer on 


TABLE 2 
Comparison of Old and New Rule 
Old Per New Per 
Item Rule | Lot Rule | Lot 
$ $ $ 

Subdividers’ advance | 34,294) 96.00 53,910) 151.00 
Utility's investment 26,776, 75.00| 7,160) 20.00 
61,070, 171.00! 61,070) 171.00 


Total 
Cash position 


Total gross revenue 15,500 15,500 
Total expenses 11,500 11,500 
Net revenue 4,000 4,000 
Annual refundt 5,430 3,420 

Deficit 1,430 
580 


* Number of lots, 358, times $43.47. 
t Time required to refund in full: old rule, 6.3 years; 
new rule, 15.8 years. 


the extension for a period of 10 years. 
This, of course, was a severe hardship 
on the utilities which had to supply 
new money from some source to meet 
the refund requirement (see Fig. 4). 


Effects of New Rules 


To analyze and compare the eco- 
nomic effect of the new extension rule 
against the old, all the factors involved 
must be investigated. For the purpose 
of comparison, assume the utility is re- 
quested to extend its facilities into a 
new subdivision of 358 lots, as shown 
in Table 1. Table 2 compares the ap- 
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plication of the old extension rule (35 
per cent of the revenue refunded over 
10 years) with the new extension rule 
(22 per cent of the revenue refunded 
over 20 years). 

The first advantage to the utility is 
that the immediate investment is con- 
siderably less under the provisions of 
the new rule. The required utility in- 
vestment of $26,776 under the old rule 
compares with an investment of $7,160 
under the new. The lesser immediate 
investment by the utility results in a 
greater investment by the applicant. 
This would have been $34,294 under 
the old rule, whereas it is $53,910 
under the new. The difference is the 
result of including service connections 
and fire hydrants, previously provided 
by the utilities, in the advance. 

Assuming the gross revenue from 
the customers in the project is identi- 
cal, because the new rule does not af- 
fect the earnings, the annual refund re- 
quirement under the old rule is $5,430 
as against only $3,420 under the new. 
The utility is obviously in a better 
position under the new rule. In this 
particular project the old-rule annual 
refund requirement of $5,430 and a net 
revenue of $4,000 results in a deficit of 
$1,430. The utility would then have 
to raise this money from a new source 
in order to meet refund requirements. 
Under the provisions of the new rule, 
however, as the annual refund require- 
ment is only $3,420, and $4,000 net 
revenue is available, the utility can 
meet the refund requirement and have 
an additional $580 net revenue. 

The “slippage” factor (deadline on 
the rate of return) is illustrated by the 
fact that under the provisions of the 
old rule this particular advance would 
be refunded in 7 years, whereas under 
the new rule it is to be refunded in six- 
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teen years. Utility management has 
had to attempt in every way to slow 
down the slippage in rate of return, 
as well as hold down the need for rate 
increases. The new rule will tend to 
slow down the utility’s need for rate 
increases because its original invest- 
ments in facilities are less, and because 
of the lower percentage of refund re- 
quirements, the investments will come 
onto the capital books more slowly. 


Lump Sum Settlement 


The committee had sought a rule or 
rules which would limit the investment 
for new business by the utility to the 
average investment per consumer al- 
ready in the system. In the commit- 
tee’s proposals this was accomplished 
for the most part by limiting the re- 
funds to the subdivider to a maximum 
amount ‘which never equaled the ad- 
vance. The commission staff’s con- 
clusions, however, disagreed with this 
theory and stated that refunding pro- 
visions for main extensions should be 
predicated upon refunding the full 
amount of the advance to the individual 
or subdivider, if the extension develops 
to a customer density comparable to 
the balance of the system. 

A special feature of the new rule 
approved by the commission provided 
for the termination, by mutual consent, 
of percentage of revenue refund con- 
tracts after 2 years. This would take 
place upon payment to individuals or 
subdividers of the present worth of an 
annuity of equal annual payments of 
the unpaid balance of the advance at 
6 per cent interest, as of the termina- 
tion date of the contract. The effect 
of such a provision is to make available 
to the utility a method of paying off the 
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subdivider if the tract fills up rapidly 
and of getting the main extension out 
of the category of consumers’ advances 
and into the company’s rate base as a 
fixed asset. This important procedure 
results in charging a portion of the cost 
of an extension to the donation ac- 
count, thus reducing the rate base and 


TABLE 3 
Present Value of Annuity at 6 Per Cent Interest 


Present Value 
of $1.00 Present Value 


No. of Years as Per Centt 


per Annum* 


94.339600 
91.669650 
89.100400 
86.627650 
84.247280 
81.955400 
79.748300 
77.622425 
75.574356 
73.600870 
71.698864 
69.865367 
68.097562 
66.392743 
64.748327 
63.161844 
61.630941 
60.153350 


0.943396 
1.833393 
2.673012 
3.465106 
4.212364 
4.917324 
5.582381 
6.209794 
6.801692 
7.360687 
7.886875 
8.383844 
8.852683 
9.294984 
9.712249 
10.105895 
10.477260 
10.827603 


*A, = — An equals present value of 


$1.00 per annum; i equals interest rate; n equals period 
of years 

t One hundred times column two divided by column 
one. 


i 


to some extent limiting the investment 
of a utility in new extensions, as pro- 
posed by the committee. 

To carry out the analysis of the eco- 
nomic effect of the new rule, assume 
that in the project presented in Table 
2 the following occurs: The subdivider 
advanced $53,910, and 2 years after 
completion of the installation a total 
of $5,130 has been refunded. The 
lump sum the utility would have to pay 
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to settle the agreement (18 years is the 
period of time remaining) with the 
subdivider would be calculated as fol- 
lows: 


Equal annual payments of the unre- 
funded balance of $48,780 for 18 years 


The present worth of an annuity of 
$1.00 per year for 18 years computed 
at 6 per cent interest is 10.827603 
(Table 3). Multiplying the annual 
payment by this annuity factor results 
in the total payment of: 


10.827603 X $2,710 = $29,343 


The procedure may be simplified by 
the use of Table 3, which contains per- 
centages to be applied to unrefunded 
amounts. The percentage in the case 
described could be computed as 
follows : 


0.60153350X $48,780 = $29,343 


The factor used was derived in the 
construction of the table by dividing 
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the present worth of an annuity of 
$1.00, or 10.827603, by the remaining 
years of the agreement, or 18 years. 
The difference between the unrefunded 
amount and the lump sum payment to 
the subdivider would be accounted for 
in the utility’s books as a donation: 


Amount unrefunded 
Less payment to subdivider 


To donations account 


Conclusion 


No one would have the temerity to 
conclude the new extension rule is the 
answer to all the financial problems of 
utility extensions. Undoubtedly, prob- 
lems will arise in the application of the 
new rule, which will, however, be con- 
siderably less burdensome to the regu- 
lated water utilities of California than 
the old rules, which have proved to 
be inequitable for all concerned ex- 
cept the applicant. The new rule will 
certainly have to be reviewed in sev- 
eral years to analyze the financial im- 
pact it has had on the water utilities 
operating under its provisions. 
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Amount advanced ................. $53,910 
Amount refunded to date .......... 5,130 
Balance due $48,780 $48,780 
would be: $19,437 
8,780 
$48,780 _ 
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ADIOACTIVE strontium presents 

one of the greatest problems 
among the radioisotopes which may 
find their ways into water supplies as 
a result of the use of nuclear weapons 
or nuclear power (1). Extensive 
studies on the removal of this element 
from contaminated waters have been 
conducted in the Sedgwick Labs. of 
Sanitary Science at -Massachusetts In- 
stitute of Technology, Cambridge, 
Mass., under a contract with the US 
Atomic Energy Commission (No. 
AT(30-1)-621). Previous papers and 
reports (2-5) have presented some of 
the procedures and results of these 
studies. 

Because strontium is an element 
which occupies a position in the pe- 
riodic table of elements similar to cal- 
cium, the removal of strontium ions 
from water supplies could be accom- 
plished by the processes utilized for 
calcium removal (1). Reduction of 
calcium hardness to a low level is im- 
perative for a high degree of removal 
of strontium. The authors found that 
more basic information was needed on 
the mechanism of calcium carbonate 
precipitation in lime softening proc- 
esses in order to assure maximum pre- 
cipitation of strontium. This paper 
presents some of the results obtained 
in the calcium carbonate studies and 


establishes the background needed for 
an understanding of the paper in this 
issue (see p. 494) covering studies on 
the removal of radiostrontium from 
water supplies. 


Reaction Rate 


The precipitation of calcium carbo- 
nate in a water-softening process is a 
chemical reaction which does not pro- 
ceed to equilibrium at a rapid rate. 
The importance of reaction time is 
demonstrated by Fig. 1, which shows 
the time-hardness relationship obtained 
when calcium carbonate was precipi- 
tated in five different chemical re- 
actions. The treated waters were 
stirred throughout the entire period, 
and a constant-temperature water bath 
was used. These experiments showed 
that, after 5 min of reaction time, 
325-380 ppm of hardness remained in 
each sample. This value decreased to 
100 ppm or less within 80 min after 
the reacting chemical had been added, 
and to 30-50 ppm after about 3 hr of 
stirring. Thus, after 3 hr of reaction, 
the solutions had not reached the the- 
oretical equilibrium value of about 15 
ppm hardness. It was observed that 
the addition of calcium carbonate crys- 
tals, or other crystalline material, com- 
bined with rapid stirring, accelerated 
the reaction to a marked degree. The 
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addition of 5 per cent of preformed 
crystals to the waters after a 3-hr re- 
action time, together with rapid stir- 
ring, reduced the hardness to the the- 
oretical value within 5 min. 
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hardness, and noting, at the same, the 
changes in pH. Figure 1 indicates 
that, when no preformed crystals were 
present, a wide variation was to be 
found between the titration curve and 
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Pig. 1. 


Time-Hardness Relationship in Lime Softening 


O—Ca(HCO;), in solution, Ca(OH), added; +—Ca(HCO,)., plus 700 ppm NaCl 

in solution, Ca(OH), added; A—CaCl, in solution, Na:CO, added; ‘)—CaCl. 

+ Na(HCO;), NaOH added; @—Na.CO;, CaCl, added. Various chemical reactions 
precipitate the CaCO,. 


A measure of the effect of the pre- 
formed crystals upon the reaction rate 
may be obtained from Fig. 2a and 2b 
by comparing the separation between 
the equilibrium condition curve to the 
curves obtained by adding lime to 
water containing calcium bicarbonate 


the equilibrium condition curve. With 
increasjng percentages of preformed 
crystals, the after-l-min curve ap- 
proached the equilibrium condition 
curve. Thus, the presence of 8 per 
cent of preformed crystals, by weight, 
accelerated the softening reaction to 
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such a degree that an equilibrium con- 
dition was approached during the first 
l-min period when saturated lime 
water was being added, and an equi- 
librium state was reached during the 
l-min period of rapid stirring. 


Pilot Plant Studies 


The practical significance of the re- 
sults of the experiments described is 
strikingly illustrated by the data ob- 
tained from a small-scale pilot plant 
(see Fig. 3) designed to soften water 
under carefully controlled conditions. 
A reaction basin having an average re- 
tention time of 20 min was provided 
with a propeller mixing device. This 
was followed by a solids-contact proc- 
ess (“‘upflow’’) basin having a retention 
time of only 2 min at an overflow rate 
of 5 gpm per square foot. The short 
settling time and high overflow rate 
were made possible by the use of siza- 


ble quantities of rapidly settling crys- 
tals in the reaction tank. Calcium car- 
bonate hardness was removed in the 
form of substantial growths of crystals 
rather than as a fine crystalline precipi- 


tate. The settling characteristics and 
accelerating action of the crystals per- 
mitted water to be softened to near 
equilibrium at almost any level of hard- 
ness desired. The effluent was re- 
markably clear. 

An integral part of the softening 
plant was a pH meter which served as 
the control device for plant operation. 
Lime was fed to maintain the desired 
pH level and never on a concentration 
basis. It was necessary to analyze al- 
kalinity and hardness only when the 
raw waters contained noncarbonate 
hardness. Determinations were then 
required to compute the soda ash re- 
quired to soften to the theoretical limit. 

The value of pH control of plant op- 
eration is shown in Fig. 1 by the rela- 
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tionship of pH to final effluent hard- 
ness. This curve was determined by 
operating the pilot plant at various pH 
levels while softening with lime a water 
which contained only calcium bicar- 
bonate hardness. Preformed crystals 
were present to the extent of 3 per cent 
by weight. The pH level was adjusted 
to give the various points on the curve 
by increasing the lime concentration in 
the feed line. Under conditions ap- 
proaching equilibrium it was possible 
to obtain an optimum removal of cal- 
cium hardness by feeding lime to main- 
tain the pH level which plant experi- 
ence had shown to be most satisfac- 
tory. This operational procedure was 
successful because the 20-min stirring 
period carried the lime-calcium bicar- 
bonate reaction virtually to completion 
by the mass action effect of 3 per cent 
of preformed crystals. 

When part of the calcium hardness 
was in the noncarbonate form, soda ash 
was required to obtain optimum cal- 
cium precipitation. The soda ash was 
added upon a concentration basis, as it 
could not be fed in terms of pH level. 
When soda ash was added in the neces- 
sary concentration, or in a slight ex- 
cess, lime was fed to maintain the de- 
sired pH level. Effluent hardness 
again ranged from 15 to 25 ppm. 


Discussion of Results 


The results of these experiments on 
the mechanism of the lime-soda water 
softening process have indicated that 
the rate of the softening reaction may 
be accelerated in the presence of pre- 
formed calcium carbonate crystals and 
by using pH as the principal criterion 
of plant control. The reaction pro- 
ceeds quickly to a state approximating 
equilibrium, yielding an extremely sta- 
ble effluent without the necessity for 
long periods of mixing and flocculation. 
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When a water is lime-soda softened 
in the presence of copious quantities of 
calcium carbonate crystals, a relation- 
ship may be established between resid- 
ual calcium hardness and pH level. If 
the requisite concentration of soda ash 
is added to react with noncarbonate 
hardness, a value of 15-25 ppm of cal- 
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state close to equilibrium. Shorter re- 
action periods may be used with higher 
concentrations of preformed crystals. 
This suggests that the methods men- 
tioned are directly applicable to the 
softening of waters containing 60 ppm 
or less of magnesium hardness. Some 
magnesium removal may then be noted 


Preformed Crystals 
Added — ppm 


° 0 


+ 200 
© 400 
4 800 


After 1 min 4 


Equilibrium Condit: 


40 


50 60 70 


Saturated Lime Water — mi 


Pig. 2a. Effect of Preformed Crystals 


Water containing calcium bicarbonate is titrated at 25°C with lime water. 
. 2b.) 


Fig 


cium hardness should be obtained 
. easily. This is accomplished by re- 
acting the raw water with lime and 
soda ash and stirring rapidly in the 
presence of 3-5 per cent preformed 
calcium carbonate crystals at a pH of 
about 9.8-10.2. Under such circum- 
stances about 20 min is required to 
cause the chemical reaction to reach a 


(Compare 


and calcium hardness may be reduced 
to a level of 25 ppm or less, to provide 
an effluent hardness of 85 ppm or 
lower. 

These procedures are applicable to 
both upflow and conventional plants. 
No change in upflow plants is neces- 
sary. In conventional lime-soda plants 
with separate coagulation and settling 
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tanks, provision must be made for 5—20 
min of thorough mixing with 3 per 
cent or more of preformed crystals by 
returning sludge from the settling 
tanks. The basic suggestion here is that 
the pH meter is the proper instrument 
for plant control when preformed crys- 
tals are added to the mixing basin in 
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of lime, based on chemical analyses of 
the raw water. Thus, quantity of lime 
rather than pH is the criterion of con- 
trol. This leaves no direct measure of 


undertreatment or overtreatment and 
does not provide for a determination 
of the rate of the softening reaction in 
Further, the degree to 


the plant. 
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Preformed Crystals 
Added — ppm 


4 800 


© 2,000 
+ 5,000 
© 40,000 (4%) 


© 80.000 (8%) 


After ] min 


t Equilibrium Condition 


60 70 


Saturated Lime Water —mi 


Fig. 2b. Effect of Preformed Crystals 


Water containing calcium bicarbonate is titrated at 25°C with lime water. 


(Compare 


Fig. 2a.) 


such concentration as to cause soften- 
ing to proceed quickly to completion. 
If lime feed is controlled directly in 
terms of the desired pH level, the feed- 
ing of an almost exactly chemically 
equivalent quantity will result. 

Many plants control operations by 
setting chemical feeders to dose the 
water with a predetermined quantity 


which the reaction has proceeded at 
various points in the plant is not read- 
ily observed. With a limited time in 
the mixing, coagulation, and settling 
basins or compartments, the rate of 
reaction becomes all-important. Plant 
control by pH measurement and return 
of preformed calcium carbonate crys- 
tals to the influent will assure rapid 
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rates of reaction and the lowest possi- 
ble hardness of the effluent. 

When waters contain more than 60 
ppm of. magnesium hardness, excess- 
lime treatment is required to remove 
magnesium hydroxide at a pH of 10.5 
or higher. If this reaction is made to 
take place in the presence of preformed 
calcium carbonate crystals, while add- 
ing enough soda ash to react with non- 
carbonate hardness, the calcium level 
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of lowered pH and thus increase the 
hardness. If recarbonation or split 
treatment is carried out in the presence 
of preformed crystals, however, the de- 
crease in calcium hardness will be 
greater than the increase in magnesium 
hardness. When recarbonation or split 
treatment is carried out at a pH level 
of 9.8-10.2, a very considerable reduc- 
tion in the hardness of the settled water 
or mixture of settled and raw water 


Pig. 3. Small-Scale Pilot Plant 


Small amounts of water are softened under carefully controlled conditions. 


of the water should be 30-50 ppm (as 
CaCO, ), and the total hardness 40-80 
ppm. 

If this treated water is settled, the 
pH may then be lowered by the addi- 
tion of CO, (recarbonation) or by 
mixing with raw water (split treat- 
ment). Particles of magnesium hy- 
droxide carried over from the settling 
basin may tend to redissolve because 


will be noted. Such reduction in hard- 
ness may be large enough to permit 
the feeding of soda ash to be greatly 
reduced, or evem abandoned entirely, 
with a considerable saving in cost of 
chemicals. 

Sand filtration of water which has 
undergone recarbonation or split treat- 
ment causes calcium carbonate growth 
upon the sand grains unless the water 
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is stabilized before filtration. The au- 
thors have shown on a pilot plant scale 
(5) that this stabilization may be ac- 
complished by stirring the water with 
preformed crystals in the manner just 
described in order to drive the reaction 
between unreacted lime and CO, or 
raw water to completion. 


Conclusions 


1. Lime-soda softening reaction is a 
“rate process” which takes place 


40 
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/ 
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Hardness (as CaCO,)—ppm 


9.0 94 10.2 106 


pH 

Pig. 4. Effect of pH on Effluent Hardness 

A pilot plant was operated at various pH 

levels. Raw water hardness was 120 

ppm (as CaCO.) ; reaction time was 20 

min; and preformed crystals were 3 per 
cent by weight. 


quickly at high concentrations of re- 
acting substances but proceeds slowly 
as the reaction approaches equilibrium. 

2. Rapid mixing with preformed 
crystals accelerates the reaction. This 
effect explains the value of solids- 
contact units. 

3. When a water containing only 
calcium bicarbonate hardness is sof- 
tened with lime in the presence of 
enough preformed crystals to approxi- 
mate equilibrium conditions, a relation- 
ship can be shown between calcium 
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hardness and pH level. If calcium 
noncarbonate hardness is present, the 
same relationship can be obtained by 
adding soda ash in a chemically equiva- 
lent quantity which will react with the 
noncarbonate hardness. 

4. Lime-soda removal of calcium in 
the presence of preformed calcium car- 
bonate crystals occurs through the 
growth of the crystals. These settle 
rapidly and produce an effluent of high 
quality. 

5. Stirring treated waters with pre- 
formed crystals is of value in producing 
a stable, low-calcium water after re- 
carbonation or split treatment. 

6. A minimum calcium level of 
15-25 ppm (as CaCO,) can be ob- 
tained by stirring lime-soda softened 
or recarbonated water with copious 
quantities of calcium carbonate crystals 
at an equilibrium pH of about 9.8~-10.2. 
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Radioactive-Strontium Removal by 
Lime-Soda Softening 


Robert F. McCauley and Rolf Eliassen 


A contribution to the Journal by Robert F. McCauley, formerly Re- 
search Asst., Massachusetts Inst. of Technology, Cambridge, Mass. 
(now Assoc. Prof. of Civ. Eng., Michigan State College, East Lansing, 


Mich.), and Rolf Eliassen, Prof. 
of Technology, Cambridge, Mass. 


S indicated in the preceding paper 

in this issue (see p. 487), the 
mechanism of removal of strontium 
from waters contaminated by radio- 
active nuclear-fission products is simi- 
lar in principle to the removal of cal- 
cium from hard waters. The first 
phase of the research project for the 
US Atomic Energy Commission estab- 
lished the most feasible means of accel- 
erating the precipitation of calcium to 
values approximating equilibrium con- 
ditions in lime-soda softening proc- 
esses. The second phase of the studies 
sought to adapt these means to the re- 
moval of strontium. 


Radiostrontium 


Radioactive strontium 90 (Sr®) was 
used in these studies. As its half-life 
of 25 years is the longest of the eight 
known radioisotopes of strontium, it is 
most likely to cause maximum long- 
term damage to human tissues. Medi- 
cal evidence shows that it is readily ab- 
sorbed in bones and can thus affect the 
functioning of the bone marrow (1). 
The National Committee on Radiation 
Protection has established the maxi- 
mum permissible concentration of Sr®° 
—in equilibrium with yttrium 90 
(Y*)—as 8x microcuries per 


of San. Eng., Massachusetts Inst. 


liter of water (2). This is equiva- 
lent to the extremely small value of 
5 xX 10°* 

Radiostrontium 90 is not present in 
natural waters. Therefore, when it is 
found in water supplies, its presence 
may be attributed to the discharge of 
radioactive wastes by the nuclear- 
power industry or nuclear-fuel proc- 
essing establishments, or to fallout 
from nuclear-weapons tests by the 
United States, Great Britain, or the 
USSR. Radioactive fallout circles the 
globe many times in the upper atmos- 
phere, and has come down in many 
parts of the world with rainfall. A\l- 
though some concentrations of Sr® 
have been found in public water sup- 
plies, no observations of values near 
the tolerance level have been reported. 
With the increasing activity of the 
nuclear-fission industry, it is essential 
that the water works profession be pre- 
pared to handle radiostrontium and 
other radioactive isotopes which cannot 
be destroyed by any known process. 
These substances must be taken out of 
the wastes at the source or removed 
in water treatment processes. 

Many water treatment plants are 
equipped with facilities for mixing, co- 
agulation, and sedimentation, and the 
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removal of strontium with calcium by 
a lime or lime-soda treatment process 
might hold promise of success. Plants 
using alum or iron salts could be con- 
verted quite easily in an emergency 
to lime-soda, because the same flow 
scheme would be employed. There- 
fore, the authors subjected the precipi- 
tation of strontium with calcium to in- 
tensive fundamental and _ practical 
studies. 

Precipitation of strontium with cal- 
cium is known as coprecipitation or 
carrier precipitation. In general, co- 
precipitation is a process in which for- 
eign ions are carried down with a pre- 
cipitate formed in a chemical reaction. 
Thus, the formation of calcium car- 
bonate precipitates in water provides a 
practical means of concentrating ex- 
tremely dilute solutions of hazardous 
radioactive elements as foreign ions 
within the crystals of calcium car- 
bonate. Among the ways in which 
coprecipitation may be accomplished 
are: [1] the formation of mixed crys- 
tals where foreign ions are incorpo- 
rated homogeneously in the crystal lat- 
tice; [2] the occlusion of impurities as 
imperfections scattered at random 
throughout the crystal; and [3] sur- 
face adsorption of foreign ions by the 
precipitate after it has already been 
formed (4, 5). 


Crystal Formations 


The studies to be reported in this 
paper have shown that radioactive 
strontium is removed in the lime-soda 
softening process by the first of the 
processes mentioned above-—mixed- 
crystal formation. When two crystals 
have the property of associating in 
mixed crystals, they are said to be mis- 
cible. This is a true condition of solid 
solution, or the solution of one solid 
substance in another. Within the lim- 
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its of solid solution, crystals are either 
miscible or nonmiscible. When a for- 
eign ion forms mixed crystals with the 
ions of a precipitate, it will do so in 
any dilution which falls within the lim- 
its of solid solution (5). 

X-ray studies by Vegard (6) have 
led to the formulation of the activity 
law which provides a reliable means of 
measuring the miscibility of crystal 
types. Vergard’s law states: “In solid 
solution of two crystals of the same 
structure, the lattice constants vary 
linearly with the concentration of the 
solute.” This means that the lattice 
constants of a crystal (which can be 
measured by X-ray diffraction) will 
change in direct relationship to the 
amount of foreign crystal present in 
mixed-crystal form. 

When radioactive or stable isotopes 
of strontium are removed from water 
by coprecipitation in lime-soda soften- 
ing, three different ions are involved: 
calcium, strontium, and carbonate. As 
each ion has its own ionic radius, the 
three may be likened to building blocks 
of different sizes. 

In the formation of pure calcium 
carbonate, the crystals will be made 
up of equal numbers of two sizes of 
building blocks, calcium ions and car- 
bonate ions. The dimensions of a unit 
crystal will then be its lattice constant 
in Angstrom units. The lattice con- 
stants, when determined by modern 
X-ray diffraction methods, are meas- 
ured to a degree of accuracy equal to 
that obtainable in weighing with the 
finest analytical balance and beyond 
that which can be obtained in measur- 
ing a building block with a steel rule. 

If a mixed crystal of calcium car- 
bonate and strontium carbonate is 
formed, some of the calcium ions, or 
calcium building blocks, are replaced 
by strontium ions. Strontium ions 
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have an ionic radius about 15 per cent 
larger than calcium ions. Because of 
this difference in size, the lattice con- 
stants of a crystal containing both cal- 
cium and strontium carbonate will be 
larger than that of one made up of 
pure calcium carbonate. Therefore, on 
the basis of Vegard’s law, if calcium 
carbonate and strontium carbonate are 
miscible and form mixed crystals, the 
size of the crystal lattice should be di- 


Geiger Counter X-Ray 
Spectrometer 


This machine was used for studies on 
crystal structures. 


Pig. 1. 


rectly and linearly related to the con- 
centration of strontium in the crystal. 

At least three anhydrous crystalline 
forms of calcium carbonate are known 
to be formed in lime-soda softening. 
Of these, calcite is the commonest and 
the most stable at ordinary tempera- 
tures. Another, aragonite, is only 
slightly less stable and, in water, tends 
to transform into calcite at an ex- 
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tremely slow rate. The third form, 
vaterite, is unstable and changes into 
aragonite or calcite unless promptly 
separated from the water and stored 
in a dry state. In cold lime-soda sof- 
tening, calcite is the crystal commonly 
formed, although 10-15 per cent 
aragonite is often present. In hot lime- 
soda softening, aragonite is predomi- 
nant. Under unusual conditions vater- 
ite may be formed, but it soon changes 
to calcite. 

Strontium carbonate exists in a sin- 
gle crystalline form, strontianite, found 
in nature. More commonly, mixed 
crystals of strontianite and aragonite 
are noted. Such observations strongly 
suggest that mixed crystals are formed 
when aragonite is precipitated in the 
presence of strontium (stable or 
radioactive ). 

In recent years Faivre (7), upon the 
basis of Vegard’s law, has been able 
to demonstrate that aragonite and 
strontianite are miscible in all propor- 
tions. This progf was obtained by 
adding excess quantities of sodium 
carbonate (Na,CO,) to solutions con- 
taining varying percentages of stron- 
tium and calcium chloride. X-ray dif- 
fraction measurements of the lattice 
constants were then made and plotted 
against the strontium-calcium ratios 
of the solutions. These plots gave 
straight-line relationships which showed 
aragonite and strontianite to be com- 
pletely miscible and to form mixed 
crystals in all proportions. These sub- 
stances can form mixed crystals be- 
cause the strontium ion is only about 
15 per cent larger than the calcium ion 
and both crystals are of the orthorhom- 
bic crystal systems. 


Calcite-Strontianite Crystals 


Calcite is of the hexagonal crystal 
system—different, therefore, from 
aragonite and strontianite in this re- 
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spect. This variance does not preclude 
the formation of mixed crystals by cal- 
cite and strontianite, the two common 
crystal forms associated with cold 
lime-soda softening. On the contrary, 
a few small deposits of mixed calcite- 
strontianite crystals have been found in 
nature. Moreover, Faivre was also 
able to show that when mixed crystals 
of aragonite and strontianite were 
heated to 450°C, mixed crystals of cal- 
cite and strontianite could be formed, 
and that the solubility limit of stron- 
tium in calcite was 11 per cent. Faivre 
did not demonstrate that mixed crys- 
tals of calcite and strontianite could be 
produced by precipitating calcium car- 
bonate in the presence of strontium. 
His difficulty probably lay in the rela- 
tively low solubility involved, the small 
changes in lattice constants, and the 
low degree of accuracy obtainable with 
X-ray equipment available in France 
during 1943. 

Experiments were conducted by the 
authors in an effort to determine 
whether mixed crystals of calcite and 
strontianite could be obtained by pre- 
cipitating calcite in the presence of 
strontium in lime-soda softening. 
Hard water was made up by adding 
500 mg of calci*iu chloride (computed 
as CaCO,) to six 2-liter portions of 
distilled water. Strontium chloride so- 
lution was then added to provide 1, 2, 
3, 5, 8, and 10 ppm of strontium. The 
solutions were well mixed, and 330 
ppm of sodium carbonate was added 
to each beaker and stirring continued 
for 30 min. The solutions were then 
filtered to separate the crystalline pre- 
cipitates. These were subjected to 
X-ray diffraction measurement for the 
D spacing * of calcite crystals. The 
(2,000) plane was observed because 


*D spacing is the distance in Angstrom 
units between planes of atoms in a crystal 
formation. 


RADIOSTRONTIUM REMOVAL 


497 


for calcite it is stronger in intensity 
than any other by a factor of ten. The 
instrument used for these studies of 
crystal structure was the “Norelco” * 
Geiger counter X-ray spectrometer 
shown in Fig. 1. 

The X-ray diffraction data are pre- 
sented in Fig. 2, which shows a linear 
relationship between the D spacings 
and ihe strontium concentration in the 
solution in which the crystal was 
formed. Upon the basis of Vegard’s 
law, the straight-line relationship may 
be considered proof of mixed calcite- 
strontianite crystal formation within 
the limits of solubility studied. In these 
experiments the maximum strontium- 
calcium ratio was one part of stron- 
tium to twenty parts of calcium. 


Strontium Coprecipitation 


Having proved that  strontianite 
forms mixed crystals in lime-soda sof- 
tening with both aragonite and cal- 
cite, it was possible to proceed with 
tracer studies on radioactive strontium. 
A radioactive solution was made up 
by adding 200 counts per second of 
Sr®”-Y* activity to 4 ppm of stable 
strontium and 250 ppm of calcium 
chloride (computed as CaCO,) in dis- 
tilled water. Six 100-ml portions of 
the solution were then added to Erlen- 
meyer flasks and heated to boiling. 
Sodium carbonate (Na,CO,) was then 
added in amounts varying from 100 to 
350 ppm (as CaCO,). This proce- 
dure precipitated aragonite over a 
range of calcium-to-carbonate ratios 
varying from 0.71 to 2.5. Because of 
the boiling temperature, equilibrium 
was reached quickly and only a 5-min 
reaction time was required. Contents 
of the flasks were centrifuged at high 
speed. The clarified water was ana- 


*A trade name of the North American 
Phillips Co., Inc., New York, 
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lyzed with a Geiger counter for Sr® 
activity.» Residual calcium was deter- 
mined’ by chemical analysis. 

A ‘second experiment was made to 
precipitate calcite under similar condi- 
tions, with the exception that 1,000 
ppm of powdered calcite crystals was 
added to the solution and the reaction 
took place at room temperature. Cal- 
cite was precipitated by adding Na,CO, 
in the same amounts as in the test for 
aragonite. The flasks were stoppered 


3.0360 


Sr** in Solution --ppm 
Fig. 2. Effect of Strontium on Calcite 
D Spacing 


The accuracy of the measuring device 
was 0.0002 A. The D spacings are for 
the (2,000) plane. 


and shaken. Addition of calcite crys- 
tals to the flasks assured that calcite, 
free of aragonite, would be precipitated. 
Also, the powdered calcite accelerated 
the reaction rate of the softening proc- 
ess so that a condition approximating 
equilibrium was reached within 1 hr 
of shaking time. The flask contents 


were centrifuged and the Sr® and cal- 
cium contents of the clarified waters 
determined. 
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Figure 3 shows the relationship ob- 
tained between strontium removal and 
calcium removal. The curves show 
that aragonite crystals are more effec- 
tive for removing strontium by copre- 
cipitation than calcite is. A maximum 
removal of 96 per cent of radiostron- 
tium was obtained by forming aragon- 
ite and by adding enough excess so- 
dium carbonate (soda ash) to reduce 
the calcium hardness to about 8 ppm. 
With calcite, a removal of only 82 per 
cent was observed with an equal cal- 
cium reduction. 

Studies were also conducted to de- 
termine the effect of the content of 
stable isotopes of strontium in water 
on the percentage removal of radio- 
strontium. The experiments were 
similar to those already described, with 
the exception that only two calcium-to- 
carbonate ratios were studied and the 
strontium content was varied from 0 
to 10 ppm. The results of these ex- 
periments, presented in Table 1, show 
that, within the limits studied, stron- 
tium concentration had no effect upon 
the percentage removal of radioactive 
strontium. Such results point out the 
value of a relationship proposed by 
Kolthoff and Sandell (3) for condi- 
tions of solid solution at equilibrium. 
For the substances considered in Table 
1 this relationship may be stated thus: 


Sr( precipitate ) 


Ca(precipitate) _ 
Sr (solution ) 


Ca(solution) 

D is a constant value, termed a “dis- 
tribution coefficient.” From the tests, 
it would appear that D for a calcite- 
strontianite relationship lies between 
0.50 and 0.60. 

If the reactions of softening (the 
precipitation of calcium carbonate) 
were instantaneous, the curves of Fig. 
1 would be straight lines with slope D. 
Because of the time required for equi- 
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librium, however, more radiostrontium 
is removed when the last fraction of 
calcium hardness is precipitated than 
during the period of precipitation for 
the first calcium fraction. This factor 
of time required to reach equilibrium 
makes an accurate determination of D 
difficult. 

More important is the effect of cal- 
cium removal on strontium removal. 
Table 1 shows that, for effective re- 
moval of strontium in lime-soda sof- 
tening, it is imperative that the calcium 
hardness be reduced to a very low 
value. Such a requirement suggests 
a considerable excess of soda ash in 
the water during treatment and an ini- 
tial removal of calcium hardness to a 
low figure. A system of repeated addi- 
tions and precipitations of small addi- 
tional quantities of calcium hardness 
could then be used to reduce the radio- 
active strontium to a very low amount. 
The authors have chosen to call this 
the “repeated-precipitation process.” 


Repeated-Precipitation Process 


To be acceptable for human con- 
sumption, radiostrontium removals in 
water supplies must be of an order 
higher than 99.9 per cent. Ideally, the 
treatment of a radioactive water should 
reduce the level of strontium radio- 
activity to that of the natural (usually 
termed “background’’) radioactivity of 
waters. Such removals of radio- 
strontium are possible and practical by 
modifications of the lime-soda soften- 
ing process (&). 

Though a maximum removal of only 
80-90 per cent may be obtained in the 
initial softening reaction, a secondary 
process which provides for the addi- 
tion and elimination of small quantities 
of calcium in several steps removes an 
equal percentage of activity with each 
stage. For instance, in a plant of ten 
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stages, with only 50 per cent removal 
of activity in each stage, 99.9 per cent 
of the initial activity would be re- 
moved. In fifteen such stages, 99.996 
per cent removal could be obtained. 

In pursuing the research reported 
here, many tests using the repeated- 
precipitation process were made. In 
hot lime-soda softening, with tempera- 
tures over 90°C, it was observed that 
the addition of enough soda ash to 
provide a 50-ppm excess (as CaCO,) 


TABLE 1 


Effect of Stable Strontium and Calcium 
Carbonate Crystal on Radio- 
Strontium Removal 


Radiostrontium 
Removed 
Stable per cent 


Strontium 


Calcitet 


Aragonitet 
25 d 57 
25 54 
25 : 54 
25 56 
25 57 
25 53 
25 3: : 81 
25 3: 84 
25 84 
25 83 
25 3: . 83 
25 84 


* As CaCO. 
t CaCOs crystal type. 


over that required to react with non- 
carbonate hardness, and of enough 
lime to provide a pH of 9.8-10.0 at 
equilibrium, resulted in a reduction of 
calcium hardness to 5 ppm or less and 
a reduction of strontium activity by 95 
per cent or more. Following this ini- 
tial precipitation, ten equal 5-ppm in- 
crements of calcium chloride (as 
CaCO,) were added to react with the 
excess soda ash. These were spaced 
at 2-min intervals to cause formation 
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of precipitates between additions. In 
this way an initial strontium activity 
of 200 counts per second was reduced 
to a level essentially that of the natural 
background. 

Equal reductions in strontium activ- 
ity were obtained with cold lime-soda 
softening. The experimental proce- 
dure was similar to that used with hot- 
process softening. Enough lime was 
added to the raw water to obtain a pH 
level of 9.8-10.0 at equilibrium, and 
50-100 ppm soda ash was added in ex- 
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Fig. 3. Calcium and Strontium Removal 
With Aragonite and Calcite 
Crystal Formation 


Aragonite crystals are more effective 
than calcite for removing strontium by 
coprecipitation. 


cess of that required to react with the 
noncarbonate hardness. Following the 
initial softening, ten or more incre- 
ments of calcium chloride were added 
to react with the excess soda ash. 
Equilibrium could be reached in the 
cold process, however, only after many 
hours of reaction time unless 1,000- 
2,000 ppm of preformed calcite crys- 
tals were added to the solution to ac- 
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celerate the reaction, as explained in 
the preceding paper (see this issue, p. 
487). Rapid stirring was necessary to 
increase the reaction rate further and 
to keep the crystals in suspension. 
With the high level of preformed crys- 
tals and with vigorous stirring, the in- 
crements of calcium chloride could be 
spaced at 5-min intervals, resulting in 
excellent removal of radiostrontium. 
During the course of these studies, 
a small pilot plant for lime-soda soften- 
ing was built. By using 2,000 ppm 
or more of contact solids (preformed 
crystals) in the mixing basin, and by 
maintaining a pH of 9.8-10.2 in the 
reaction basin, calcium hardness could 
be reduced to the range of 18-25 ppm 
without the use of soda ash above the 
amount required to react with non- 
carbonate hardness. Operating the 
pilot plant in this manner, a removal 
of about 25 per cent of the strontium 
activity was obtained. Removal of 
strontium activity by the pilot plant 
was increased to 50 per cent by the 
addition of 50 ppm of excess soda ash 
to reduce the effluent hardness to 12 
ppm. This was the best removal of 
radioactive strontium that could be ob- 
tained in one pass through the pilot 
plant, even though it was doing a better 
job of softening than most large, well 
operated full-scale plants. Only by the 
process of repeated precipitation could 
radiostrontium be reduced from a high 
level of activity to tolerance levels in a 
lime-soda softening installation. 


Practical Applications 


A successful laboratory procedure 
for removing radiostrontium by lime- 
soda softening has been described. It 
has been shown that this procedure is 
one by which radioactivity from stron- 
tium (Sr®°) ions can be reduced from 
high levels to near background. The 
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process is one of initial softening to a 
very low calcium residual, followed by 
a series of stages in which very small 
quantities of calcium are added and 
precipitated in the presence of pre- 
formed crystals of calcium carbonate. 
In each stage, 50 per cent or more of 
the strontium activity is removed. 
After ten or more such stages stron- 
tium activity may be reduced to ex- 
tremely low levels. 

Many conventional water softening 
plants using separate mixing, coagula- 
tion, and settling basins can be readily 
modified to provide for the multistage 
process. This can be accomplished by 


Ca(OH) 
Na,CO, : 
(Excess) 
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ppm or more of calcium carbonate 
crystals to catalyze the softening re- 
action. These may be added by the 
recirculation of calcium carbonate 
sludge from the settling basins, and 
will accelerate the softening process. 
Studies reported in the preceding paper 
(see this issue, p. 490) have shown 
that, with recirculated sclids, a maxi- 
mum reduction of bicarbonate hard- 
ness may be obtained by softening 
under near-equilibrium conditions at a 
pH of about 9.8-10.2. This procedure 
will reduce calcium hardness to a value 
of 20 ppm or less without adding ex- 
cess soda ash. The addition of soda 


Existing Flow .. 
— —— — Plant Moditications 
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Fiocculation 
Pump 


Return Sludge (Preformed Crystals) 


| Settling 


Recarbonation Filtration 


Fig. 4. Flow Diagram for Repeated-Precipitation Process 
The broken line 


The solid line indicates the flow in conventional softening plants. 
shows the flow after modifications. 


adding more soda ash than required for 
reacting with noncarbonate hardness 
in the initial stage of softening, and by 
feeding small quantities of calcium 
chloride solution at a number of points 
toward the end of the coagulation 
basin. In an emergency, addition of 
calcium chloride may be done by use 
of temporary pipes laid down for this 
purpose, with a spacing of about 5 ft 
along the path of flow of the treated 
water. The suggested flow diagram 
for the repeated-precipitation process 
is shown in Fig. 4. 

A further requirement for successful 
operation is the presence of about 1,000 


ash above the amount required to react 
with the noncarbonate calcium hard- 
ness should result in a further decrease 
in the calcium content of the water. 
No further provision for recircula- 
tion of solids in modern solids-contact 
plants is necessary, because preformed 
crystals are always present in the co- 
agulation zones. It may be difficult, 
however, to practice repeated precipi- 
tation by the addition of small incre- 
ments of calcium chloride solution in 
the reaction and coagulation zones. 
Field experiments would have to be 
conducted to determine the feasibility 
of such operation. Regardless of the 
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type of plant, reduction of calcium 
hardness to a low level is imperative 
for satisfactory removal of radiostron- 
tium. High removals of strontium ac- 
tivity (more than 99 per cent) were 
observed only in those cold lime-soda 
softening tests in which preformed 
crystals were present, and in which 
repeated precipitation was practiced. 


Conclusions 


1. Radiostrontium ions can be co- 
precipitated with CaCO, to form 
calcite-strontianite mixed crystals in 
the cold lime-soda process. 

2. In the hot lime-soda process, 
radiostrontium ions can be coprecipi- 
tated with CaCO, to form aragonite- 
strontianite mixed crystals. 

3. Reduction of calcium hardness to 
the point of equilibrium is essential for 
maximum strontium removal. 

4. One pass through a lime or lime- 
soda softening plant operating at 
maximum efficiency will reduce radio- 
strontium activity by 50 per cent. 

5. A process of repeated precipita- 
tion of CaCO, will remove more than 
99 per cent of the activity from radio- 
strontium ions. 

6. The presence of up to 10 ppm of 
stable isotopes of strontium will not 
interfere with radiostrontium removal. 

7. Water treatment plants having 
separate mixing, coagulation, and set- 
tling facilities (whether used for alum, 
iron, or lime treatment) could be 
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adapted to employ the repeated- 
precipitation process for coprecipita- 
tion of calcium and strontium car- 
bonate, and thus assure maximum re- 
moval of radiostrontium. 
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Beaver Activity and Water Quality 


George Malben and H. B. Foote 


A paper presented on Apr. 24, 1954, at the Montana Section Meeting, 
Bozeman, Mont., by George Malben, Supt., Water Works Dept., He- 
lena, Mont., and H. B. Foote, on leave of absence from the State Board 


of Health, Helena, Mont. 


EAVER have been considered a 

pest when found living on and 
damming the streams supplying water 
to Helena, Mont. In the past such 
dams have generally been destroyed 
after the beaver had been caught by 
the State Fish and Game Dept. or 
licensed trappers. 

Debris from beaver activities clog 
intake screens and valves. When their 
dams are dynamited and torn out, a 
great accumulation of strongly odorous 
black muck is released. Beaver create 
small impoundments with shallow flow. 
There is a rise in water temperature, 
along with growth of small animals 
and other forms of life, leading to prob- 
able odor production in the water. 
Figure 1 shows part of a beaver pond 
with surrounding vegetation. 

Since 1940 health officials have been 
concerned over the possibility that 
tularemia might attack humans through 
the water supply. Investigations were 
conducted by the US Public Health 
Service (1) at Hamilton, Mont. The 
Montana Livestock San. Board (2) 
also studied the problem. The deaths 
of many beaver and muskrat from tula- 
remia were definitely connected with 
the presence of the organism Pasteur- 
ella tularensis in the mud and water of 
creeks, ponds, and lakes. These bac- 
teria are frequently found even though 
no dead beaver are present. 


Aithough the work of Foote (3) and 
associates demonstrated the efficacy of 
chlorination in destroying the harmful 
organism, it is considered wise, where 
practicable, to eliminate that burden 
on the disinfection process. 


Removal of Beaver 


Under Montana law, all beaver and 
muskrat are state property, and as 
such are under the protection of the 
State Fish and Game Commission. 
This agency has cooperated with city 
and state boards of health in safe- 
guarding the public against all known 
and suspected effects of beaver which 
might lower the quality of public water 
supplies. The commission has never, 
to the authors’ knowledge, failed to 
issue permits for the destruction of 
beaver dams upon request. 

Members of the US Forest Service, 
as well as ordinary citizens, have ex- 
pressed the belief that beaver dams are 
beneficial to the watersheds. These 
structures serve to slow the flow of 
water, allowing it to seep into the 
ground. The growth of vegetation is 
encouraged, reducing erosion. Where 
such beneficial aspects outweigh any 
deleterious effects, the dams should be 
left undisturbed. The experience of 
various water supply operators, how- 
ever, has led to the conclusion that, in 
some circumstances, beaver cause an 
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increase in the chlorine demand of 
water. The Anaconda, Mont., water 
department, in particular, has long 
noted the changes occurring in a 
nearby stream containing beaver. 


Location of Study 


The authors desired to locate a situ- 
ation where the effects of beaver could 
be studied to gather precise xnowledge 
and data. Work of this type has been 
carried on since August 1953 at Moose 


Fig. 1. Beaver Pond on Moose Creek 


Vegetation surrounds and partly over- 

hangs this beaver pond. Much organic 

matter in the water comes from this 
source. 


Creek (Fig. 2), a small mountain 
stream 15 miles from Helena, which 
seemed best suited for the purpose. 
Moose Creek, a tributary of Ten Mile 
Creek that becomes at times a part of 
the Helena water supply, drains ap- 
proximately 3.3 sq miles of generally 
steep mountain slopes covered with 
native timber—Douglas fir on the 
lower portions and lodgepole pine on 
the upper. A hay meadow of about 
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25 acres lies in the lowest portion, 
where there are beaver dams and 
ponds. The entire area, except for 
160 acres, is federally owned. 

During the period of study no one 
was living in the area. The owner of 
the private land visited it occasionally 
on weekends and during the hay har- 
vest. A pit privy, high on the hillside 
behind his house there, had no signifi- 
cant effect on the water. 

Except for two horses, there was 
practically no domestic stock of any 
kind in the area during the period of 


Fig. 2. Water Supply Intake 


The city of Helena, Mont., at times taps 
Moose Creek for its water supply. 


study. On one occasion there was 
some evidence that cows had crossed 
the valley below the dams. The 
horses usually remained near the barns 
and apparently did not approach the 
ponds. Haying was done with power 
equipment. 

The private land, including the dams 
and ponds, is enclosed by a barbed-wire 
fence. The gate across the only access 
road (which terminates at the house) 
is kept locked at all times. Bear, deer, 
and elk roam the region at will. They 
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doubtless feed in the meadow and 
drink from the waters. Beaver and 
muskrat inhabit the ponds, along with 
frogs and very small fish. Insects are 
abundant in the summer, as are aquatic 
flora and fauna, practically none of 
which would have been present if the 
beaver had not impounded the water. 
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ruary unseasonably warm weather 
(60°F) may have caused considerable 
runoff. It had been hoped that quan- 
titative, as well as qualitative, data re- 
garding the effects of beaver on the 
water could be obtained, but climatic 
and geologic factors prevented accu- 
racy in quantitative determinations. 


TABLE 1 
Water Analyses 


Station 1 


1953 1954 sad 


| Aug.* 


pH 
Cl: Demand 
10 min 
20 min 
30 min 
60 min 
120 min 


ppm 


~@ 


IHardness—ppm 
Chlorides— ppm 
Dissolved solids 181 0 
Loss on ignition—ppm | 36.0 | 
Loss on ignition —% 200 
DO—ppm 8.7 
O saturation—% 89.6 
5-day DO variation—% | 93.7 
Bacteria 
Coliform-—M PN /100 mi 
Total—No./ml 118 


N 
wey 
FBS 


| 530 
| 200 


j 
| 


| 


* Three-sample average. 
+ All types of microscopic forms. 
t Field determined, except during cold weather. 


This aquatic life, of course, also af- 
fected the condition of the stream. On 
Aug. 12, 1953, a representative of the 
State Fish and Game Commission esti- 
mated that a total of not more than 
four beaver and eight muskrat inhab- 
ited the ponds. 

Although during the summer months 
air temperatures were normal, in Feb- 


Station 2 


91.5 | 


| 
| 


Station 3 


Station 4 


1954 | 1953 | 1954 1954 


2/9 vie | Aug.* 2/9 | 3/23 2/9 


35 


| 
67 
| 73 
35 


xe 


64.0 
4.0 


54.0 | 
84.0 


670 
85.0) 


& 


91.0 | 97.0 


< 
~ 


1600 750 


600 


| 390 
90 


Swampy. 
Faint swampy. 


Observations during the winter were 
restricted by snow and severe weather. 

It appears that there is no storage 
of water upstream from the dams. 
During August the creek flow dimin- 
ished and later ceased. An abundance 
of shallow ground water in the area 
where the dams are present causes the 
volume of the stream to increase. On 


Item 
29 |3/23 | 3/23 
Water 54 3 
Air 70 60 34 71 | 62 38 60 6 71 58 | 38 
Color—units 7 20 10 37 45 | 15 | | 30 | 20 | 30 2s | 1s 
Odor 
Hot 0 0 | § 0 0 \| oO | an * = | 
Cold 0 0 | 0 61.4 
7.6 7.5 75 | 69 69| 76| 69| 70) 80| 69| 7.3 
| 
00 | 02 0.65) 04 0.0 | 0.75, 00) 00) 00 00 
| O15) 0.3 0.80) 1.2 080) 02) 00) | 0.2) 00 
0.30, 0.6 1.10) 1.4 | 00) 1.10 03; 10! 0.0 
| 940) 09 1.60' 1.6 0.0; 1.50) 04) 00) 14!) OS 0.0 
| 0.30) 1.2 1.70} 1.95} 00) 1.70) O5S| 14] 0.7 
240 min | 08 ; OS | 03 
300 min 1.0 1.3 0.5 
No./ | 97 | 6F | 
| 3.0 1.0 46 10) 50 | 10) 30 
HCO;—ppm 93.5 | 76.3 70.2| 79.3) 95.6 | 76.3| 79.3 73.0| 73.0 
76.0 84.0 72.0| 820! 80.0) 74.0 75.0| 70.0 
9.0 2.3 | | 30| 25) 30| 30 2.5 2.5 
153.0 180.0 1156.6 | 177.0 168.0 | 159.0) 202.0 | 1 188.0) 180.0 
17.0 53.0 | 48.0 | 52.0| 50.0 | 35.0| 88.0 89.0| 67.0 
24.5 30.0 | 31.0 | 29.4) 30.0) 22.0) 43.0 47.0| 370 
63 7.7 80!) 68 70 8.2 7.9\ 106 
50.0 97.6 | 80.0 | 72.0) 83.1 63.0\ 83.0 
80.0 92.3 67.0 | 88.6| 88.7 
190 |4200 | 340 | s30 | 
255 |150 | so | 300 | 20 
| 
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Aug. 21, 1953, a weir measurement 
of the stream at the entrance to the 
ponds showed a flow of 0.045 cfs. On 
the same date a reading of 0.32 cfs 
was obtained downstream, at Station 
No. 4. (The sequence of stations is 
shown in Fig. 3.) There is a small 
spring just above Station No. 4, and 
a heavy growth of deciduous trees and 
other plants in the area also indicates 
the presence of considerable ground 
water. 

Numerous chemical, biological, and 
physical characteristics of the water 


+— Water Flow 
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3. Chlorine demand increased meas- 
urably. This condition, which occurs 
wherever beaver are found is undesira- 
ble from the economic viewpoint, but 
does not seem to reduce the palatability 
of the finished water. 

4. The water temperature increased 
considerably during the summer 
months. In the winter, an ice cover- 
ing maintained a more _ constant 
temperature. 

5. Impoundment effects were more 
pronounced in summer than in winter. 
Animal and vegetable life was more 


Pig. 3. Beaver Area of Moose Creek 


Shown here are the locations of six beaver ponds and the four stations at which re- 
search data were gathered. The drawing is not to scale. 


were investigated. Especially signifi- 
cant were the determinations on dis- 
solved oxygen, loss on ignition, and 
chlorine demand. ‘Table 1 summarizes 
the data found. 


Findings 


1. The quality of the water in the 
stream under study has been affected 
by the beaver impoundments and the 
existing animal and vegetable life. 
Organic matter was present in the 
water in considerable quantities, with 
marked color. Coliform and other 
bacteria increased considerably in the 
pond area. 

2. Dissolved oxygen fluctuated in 
amount but never became seriously 
depleted. 


active during the warm weather, of 
course, and lack of runoff from ice- 
locked land in the winter reduced the 
accumulation of organic material. 

6. The authors were unable to show 
any exact quantitative relationship be- 
tween the amount of animal life in the 
region and the total effects on the 
water. There would seem to be a rela- 
tion, because animals contribute bac- 
teria and would be present during the 
period of greatest impoundment activ- 
ity. Also, the larger the quantity of 
water, the more contact there would 
be between animals and water. 


Conclusions 


As the presence of beaver may be 
accompanied by deleterious effects on 


Station 2 \ 
Dri pl 
Station 1 
Approx. 700 ft 
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a stream, the animal may have to be 
removed from its habitat, unless the 
effects are negligible or can be readily 
corrected. Beaver dams may some- 
times actually aid a water works by 
reducing the turbidity of streams used 
as a source of supply. 

Tularemia bacteria were not present 
in significant quantity in the stream 
under study, but in other locations 
heavy chlorination might be required 
to counter this hazard. Because 
beaver activites result in a higher chlo- 
rine demand, the process of disinfec- 
tion would have to be very carefully 
controlled. 
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Survey of Water Utility Employment 
Conditions, 1954 


URING spring and summer 1954, 

the membership of AWWA co- 
operated in a questionnaire survey of 
employment conditions in the water in- 
dustry. A questionnaire, approved by 
the Board of Directors in January 
1954, was devised to obtain some fun- 
damental facts about members on such 


TABLE 1 
Completed Questionnaires by Areas 


Oper- 
ators 


Nonop- 


Geographic Location erasers Total 


Me., N.H., Vt., Mass., 
R.1., Conn. 65 97 162 

N.Y., Pa., N.J. 617 | 1,086 

Md., Del., Va., W.Va., 
N.C., S.C., Ga., Fla., 

Ky., Tenn., Ala., 
Miss. 

Wis., Ill., Ind., Ohio, 
Mich. 

Minn., lowa, Mo., 
Kan., Neb., N.D., 
S.D. 

Ark., La., Okla., Tex. 

Mont., Idaho, Wyo., 
Nev., Utah, Colo., 
Ariz., N.M. 

Wash., Ore., Calif., 
Alaska, T.H. 

N.B., N.S., Newf., 
P.E.I. 

Que. 

Ont. 

Man., Sask., Alta. 
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AWWA Staff Report 


diverse subjects as [1] age, [2] edu- 
cation, [3] professionai affiliations, [4] 
tenure of office, [5] salaries, [6] civil 
service status, [7] retirement plan, [8] 
collective bargaining, and [9] safety 
programs. Approximately 9,500 ques- 
tionnaires were sent to all the members 
of the Association living in the United 
States, Canada, and Cuba. After re- 
turns of almost 5,000 completed forms 
over a 2-month period, a followup 
mailing was sent to the tardy members. 
This resulted in a good response, indi- 
cated by the total of 6,503 completed 
questionnaires. Of this figure, 6,111 
were received from members in the 
United States, 376 from Canadian, and 
16 from Cuban members (Table 1). 
The questionnaire was divided into 
two parts. One covered water utility 
employees only, referred to as opera- 
tors. Included in this group were: 
[1] superintendent, the top adminis- 
trative officer of a water utility; [2] 
assistant superintendent, assistant to 
the top administrator; [3] division 
head, a man who takes directions from 
the superintendent or his assistant and 
is responsible for the operation of such 
portions of a utility system as the com- 
mercial, treatment, pumping, distribu- 
tion, and meter divisions; [4] super- 
visor, an employee who takes direc- 
tions from the division head and is re- 
sponsible for the operation of a sub- 
division; and [5] operator, a person 
who takes orders from a supervisor—a 
laboratory technician (under a chief 
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: B.C, 
Total | 3,229 | 3,274 | 6,503 
| 
= 
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technician) or an assistant station op- 
erator (under a chief operator) may 
be considered in this class. 

The second part of the form em- 
braced members other than water util- 
ity employees and referred to them as 
nonoperators. In this group were con- 
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than being directly in it. In all, 3,229 
operators and 3,274 nonoperators re- 
turned completed forms. 

As shown in Table 2, the largest 
number of both operators and non- 
operators fell in the 41-50 age bracket, 
representing 31 and 29 per cent of the 


TABLE 2 
Age of AWWA Members 


Position or Type of Work 


Superintendent 
Assistant superintendent 
Division head 
Supervisor 

Operator 

Other 


Total 


Under 
30 


31-40 | 41-50 | 51-60 | 61-70 | OFF | Total 


Operators 


454 | 274 


954 | 916 
| 


Chief executive of political subdivision 

Consultant (member of firm) 

Employee of consultant 

Teaching 

Health dept. employee 

Public employee,* not water utility or 
health dept. 

Manufacturingt 

Industrial water supply employee 

Contractor 


Other 


Total 


* City, county, district, state, and federal. 


Nonoperators 


17 
187 
28 


718 | 354 


+ Administrative, technical department, sales, and others. 


sulting engineers, teachers, manufac- 
turers and their representatives, con- 
tractors, health department employees, 
city officials, other public employees, 
and all members whose occupations fell 
in fields related to water supply rather 


totals. Both groups were alike, too, in 
that the great majority of their mem- 
bers fell within the three brackets cov- 
ering ages 31-60. This range included 
78 per cent of the operators and 77 per 
cent of the nonoperators. In the “over 


| 
Age-—-years 
47 | 234 | 465 | 39 | 1,513 ; 
21 57 96 73 17 3 267 
31 | 115 | 209 | 222 82 19 678 
29 85 | 151 | 118 44 10 437 
13 24 22 21 5 3 ot) 
2 10 11 | 28 18 5 74 
— 143 | 525 P| | 440 | 79 | 3,057 
3 20 25 | 10 75 
10 | 121 | 196 | 124 45 683 
37 73 47 21 5 211 
10 36 46 21 12 3 128 
38 99 | 122 | 50 23 3 |. 335 
29 72 | 113 89 32 6 341 
104 | 280 | 263 | 226 86 8 967 
8 26 25 15 | 5 79 
14 31 44 36 2 135 
23 50 | 62| 33 33 250 
— | 276 | 808 | 943 | po 105 | 3,214 
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TABLE 3 
Educational Qualifications 


4 5 


Nonoperators Combined Total 
Highest Grade Completed Col, 5 


per cent per cent 


Grade 8 or lower 5.1 1:0.17 

Part of high school , , 3: 5.3 1:0.28 

High school 13.5 1:0.27 

Part of college 1:0.59 

College 1:1.4 

Post graduate course, 1 year 
or more 


Total 


TABLE 4 


Training Courses Taken 


Correspondence In-Service Training 


~ | Combined 
Type Number Taken Number Taken Total 


Work* 


Total 7 | | Totes 


Superiftendent 
Asst. supt. 
Div. head 
Supervisor 
Operator 

her 


Total 


Nonoperators 


Chief exec. of polit. 
subdiv. 

Consultant 

Empl. of consult. 

Teaching 

Health dept. empl. 

Pub. empl., not water 
util. or health dept. 

Manufacturing 

Industr. supply empl. 

Contractor 

Other 


N 


Nw 
wm 
an 


an 


- 


Total 7 1,180 | 163 | 188 


= 


* See Table 2 for unabbreviated listings. 


510 
1 | 2 | 3 | — | 6 | 7 | x 
| No. per cent No | 
— | 3,060 | 100.0 | 3,237 | 100.0 | 6,297 | 100.0 | 
Operators 
221/134] 52| 841 | 93/102| 62| 24 | 23| 9 | 39 11,361 2,202 
40| S| 13| 153| 21] 28] 15] 13} 6| 7] 1] 309 462 
85| 27| 23| 388] 51| 41| 29/19/14] 8| 16] 759] 1,147 
57| 14] 13] 215] 32] 29) 28] 23) 17/11 | 6| 29] 691 906 
3] 2] 1 31/10) 9] 6] 4| 4] 4 3| 130 161 
11 5 47 8 1 40 87 
= 423 | 273 | 100 | 104 | 1,675 |207 229 184133) 70 | 59 | 25 94 | 3.290 4,965 
13} 9] § 5s8| 4] 9 | 1 1 64 122 
42| 35| 8 220| 15| 14 16 | 227 447 
11| § 52| 4] 8 85 137 
3| 4 27| 4 4| 2 3 75 102 
4] 3 39| 36 3/20] 513 552 
30| 13 | 283 438 
117 59} 29 10 4 14 651 1,059 
10; 10; 8 66) 6 3| 3 | 3 92 158 
20} 9) 3 | 75 | 4 6 | 72 147 
: 17) 11] 7 11] 18) 3/ 1] 3 162 242 
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70” bracket, 2.6 per cent of the opera- 
tors and 3.3 per cent of the nonopera- 
tors, and in the “30 or less” section, 
4.7 per cent of the operators and 8.6 
per cent of the nonoperators accounted 
for the balance of those responding. 
If it is true that the period from 30 
through 60 is the prime of working life, 
more than three-fourths of AWWA 
members are in their prime. 
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operators as nonoperators in the “high 
school and part college” group, and 
four times as many in the “less than 
high school’ brackets. An attempt to 
compensate for lack of adequate edu- 
cational preparation by the operators 
is indicated by the data of Table 4, 
which shows that the operators have 
taken great advantage of correspond- 
ence and in-service training courses. 


TABLE 5 
Professional Society Memberships * 
Position or Type of Workt | ASCE| ASME | AIEE| NSPE AICE| ACS pare APHA |FSIWA | Other Total 
Operators 
Superintendent 156 24 61 157 a 10 ae 18 112 232 873 
Asst. supt 39 3 9 24 9 8 | 6 | 19 47 164 
Div. head 100 14 5 58 3 36 20 25 50 100 411 
Supervisor 38 4 3 16 4 27 & 12 25 47 184 
Operator 3 2 1 1 i 6 14 
Others 5 1 1 4 | 1 2 3 21 38 
Total 341 46 79 259 | 11 85 136 64 | 210 | 453 1,684 
Nonoperators 

Chief exec. of polit. subdiv. 19 1 3 13 1 14 3 7 28 89 
Consultant 409 40 19 309 13 43 70 62 | 244 150 1,349 
Empl. of consult. 126 3 4 s4 3 6 3 5 | 79 28 S11 
Teaching 84 & 30 6 19 4 38 Ch 85 35 311 
Health dept. empl. 109 2 75 14 3 166 211 47 627 

Pub. empl., not water util. 
or health dept. 122 2 9 51 3 23 38 29 92 78 447 
Manufacturing 111 66 16 78 “4 121 il 20 174 209 B40 
Industr. supply empl. 5 2 1 5 8 15 2 17 20 75 
Contractor 24 7 1 17 1 2 7 33 94 
Other 66 14 10 26 10 30 9 22 53 81 $21 
Total 1,075 145 65 658 79 273 152 349 959 709 4,464 


* ASCE, American Society of Civil Engrs.; ASME, American Society of Mechanical Engrs.; AIEFE, American 
Inst. of Electrical Engrs.; NSPE, National Society of Professional Engrs.; AICE, American Inst. of Chemical 
Engrs. ; ACS, American Chemical Society ; APWA, American Public Works Assn.; APHA, American Public Health 
Assn.; FSIWA, Federation of Sewage and Industrial Wastes Assns. 

t See Table 2 for unabbreviated listings. 


The statistics on formal education 
(Table 3) reveal that 62.8 per cent of 
those reporting had at least a college 
education. In this total, however, the 
percentage of nonoperators is almost 
twice that of operators—80.4 per cent 
to 44.2 per cent. This superiority in 


educational qualifications on the part 
of the nonoperators shows up, too, in 
the fact that there are twice as many 


A total attendance at 8,362 training 
courses was reported by the 6,503 mem- 
bers who answered the questionnaire. 

The affiliation of AWWA members 
with other professional societies (Table 
5) indicates strong interest in engi- 
neering and chemistry. A membership 
of more than 3,000 in engineering- 
related societies, and more than 400 in 
chemistry organizations, was reported. 


| 
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The almost 1,200 memberships held by 
AWWA members in the Federation 
of Sewage and Industrial Wastes 
Assns. clearly indicates the community 
of interest between water and sewage 
works fields. 

In records of tenure (Table 6), it 
was the consulting engineers who were 
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erators indicated less than 5 years of 
experience ; 16 per cent had had more 
than 30 years. Altogether, the infor- 
mation on tenure demonstrates the sta- 
bility of employment in the water 
works field. An apparent explanation 
for their long tenure was the fact that 
consulting engineers had the top sal- 


TABLE 6 


Tenur 


Under 


Position or Type of Work* 5 Yr 


e of Office 


20-29 
Yr 


10-19 | 
Yr 


Superintendent 
Asst. supt. 
Div. head 
Supervisor 
Operator 
Other 


Total 


Chief exec. of polit. subdiv. 

Consultant 

Empl. of consult. 

Teaching 

Health dept. empl. 

Pub. empl., not water util. or health 
dept. 

Manufacturing 

Industr. supply empl. 

Contractor 

Other 


Total 


* See Table 2 for unabbreviated listings. 


on top, as 33 per cent of the 682 con- 
sultants reporting have been in business 
for more than 30 years. Among the 
operators, the largest group, 24 per 
cent, included those with 20-29 years 
of experience in water utility work, 
and 22 and 20 per cent, respectively, 
reported 10-19 and 5-9 years of ex- 
perience. Only 17 per cent of the op- 


Operators 


313 | 321 
77 
192 
116 
10 
24 


740 


Nonoperators 


14 
159 
29 
22 


606 3,212 


aries (Table 7), with 44 per cent in 
the “over $15,000” range. Among 
the nonoperators as a whole, the largest 
group (20 per cent) was in the 
$7,201-$9,000 range ; the next (18 per 
cent) over $15,000; and the third, be- 
tween $9,001 and $12,000. Operators 
were a little less fortunate as a whole, 
their largest group (26 per cent) fall- 


|_| 
| | | | Tota 
j 306 | 327 239 | 1,506 
55 51 30 | 277 
80 110 133 672 
. 60 89 61 | 438 
24 27 9 | 89 
7 15 12 | 74 
532 | 619 | 681 | mm (48 | 3,056 
| | 
| 
17 29 9 7 76 
41 99 158 225 682 
40 54 54 34 211 
18 | 34 33 20 127 
43 86 112 60 | 43 344 
73 55 93 80 43 | 344 
161 228 240 195 145 969 
14 15 5 79 
‘ 12 24 | 36 40 | 25 | 137 
32 56 | 55 41 59 243 
| 451 680 | 824 | 651 
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ing in the $4,801-$6,000 bracket, fol- 
lowed by 19 per cent in the $6,000- 
$7,200 and 18 per cent in the $3,601- 
$4,800 ranges. Only 1 per cent of the 
operators earned more than $15,000. 
Table 8 gives breakdown of salaries 
for the superintendents of water utili- 
ties by town size. In Table 9, the 
salary ranges of 2,945 water utility 
employees by position and size of util- 
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tors is reached somewhere in the salary 
range $7,201-$9,000. Above the bal- 
ance line, the operators predominate ; 
below it, the nonoperators are in the 
majority. A similar comparison of for- 
mal educational qualifications (Table 
3) puts the balance line between “Part 
of College” and “College”; the non- 
operators are foremost in the categories 
below the balance point, and the opera- 


TABLE 7 


Position or Type Under | 1,801-—| 2,401-—| 3,601 
of Work* | 1,800 | 2,400 | 3,600 4,800 
Superintendent 18 14 109 271 
Asst. supt. VAS 10 | 46 
Div. head 1 2 41 120 
Supervisor 3 4 4 | 1% 
Operator 5 6 33; 622 
Other 3 4 1 9 
Total | 30 32 240 564 
: 
Chief exec. of polit. subdiv. | 8 
Consultant 6 | 2 4 | 7 
Empl. of consult. 2 10 
Teachin 2 | 7 
Health dept. empl. 2 | 4 | 48 
Pub. empl., not water util. | 
or health dept. | 3 21 
Manufacturing | 41 
Industr. supply empl. im 3 
Contractor 1 3 
Other 7 3 5 | 15 
Total 16 | 9 20 | 163 
| | 


* See Table 2 for unabbreviated listings. 


ity (town population) are recorded. 
It is believed that the number of sal- 
aries presented is large enough to make 
the results statistically significant. 
Some correlation between compen- 
sation and educational qualifications 
can be seen in the comparison of Ta- 
bles 3 and 10. Reference to Column 4 
of Table 10 shows that the salary bal- 
ance between operators and nonopera- 


Salary per Year 


Salary Range 
4,801) 7,201-| 9,001~| 12,001-| Over | 
| 6,000 | 7,200 | 9,000 |12,000 | 15,000 15,000 | *O** 
Operators 
351 | 288 | 226 | 147 40 6 | 1,490 
74 $4 | 52 6 | § 7 276 
190 | 147 | 109 | Si | 12 3 | 676 
143 47 | 10] 1 439 
| 48 2 | gee | 87 
|} 13 9 12 | 7 
— — | |-— 
| 789 | 589 | 446 | 248 | 64 | 40 | 3,042 
mcd! bors! 
Nonoperators 
9 | 23 | oo s| s 
31 | 40 71 118 93 | 293 665 
37 | 36 | SI 50 is | 9 211 
21 26 36 | 23 3 | 126 
66 | 94 339 
62 | 7 | 121 | 348 
113 120 | 175 | 193 125 194 | 961 
12 31 | 2 
42 | 39 51 42 20 20 244 
406 | «494 636 568 301 581 3,194 
| 


tors above it. It is clearly seen that 
the group with the higher education 
has higher pay. 

Civil service status is shown in Table 
11. Coverage among the operators 
ranges up to 50 per cent, the higher 
amounts occurring in the lower echelon 
jobs. The very low percentage of su- 
perintendents covered undoubtedly is 
a reflection of the appointive nature of 


3 

| 
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the job in many localities. Coverage is 
insignificant among the nonoperators, 
except for the two public-employee 
groups. 

As shown in Table 12, approxi- 
mately two-thirds of the members who 
reported are covered by a retirement 
program, with 72 per cent of the op- 


Jour. AWWA 


erators and 58 per cent of the non- 
operators enjoying that protection. 
The most common retirement age 
specified is 65, the range from 61 to 
65 taking in 65 per cent of all the 
plans. Column 9, Table 12, indicates 
that 77 per cent of the retirement plans 
are contributory—86 per cent cover- 


TABLE 8 
Superintendents’ Salaries by Town Size 
Salary Range—$ 
Town 
Population 
1000's Under | 1,801 2401- | 3,601 4,801— | 6,001- | 7,201— | 9,001-— | 12,001-| Over Total 
2400 | 3, 4,800 | 6,000 | 7,200 | 9,000 | 12,000 15,000 | 15,000 
No. of Superintendents 
Under 5 17 7 82 139*| 76 22 9 1 2 1 356 
5-10 1 19 72 117*| 56 31 13 1 1 311 
10-25 1 3 8 39 91 93* 66 24 4 2 331 
25-50 1 14 45 65*| 41 20 3 189 
50-100 1 4 14 31 41*| 23 5 6 125 
100-500 1 8 16 34 49*| 11 8 127 
500—1,000 1 1 10* 6 1 19 
Over 1,000 1 2 1 4 5 7* 20 
Total 18 12 110 | 270 | 351 286 | 224 144 37 26 1,478 
* Mode of the salary range for each town size. 
TABLE 9 
Operators’ Salaries by Position and Town Size 
Salary Range—$ 
Town |. 
Position Size j | 
1,000's | Under | 1,801-—| 2,401—| 3,601—| 4,801 | 6,001-—| 7,201 | 9,001 ~f 12,001—| Over Total 
4,800 | 2,400 | 3.600 | 4,800 | 6,000 | 7,200 | 9,000 | 12,000 | 15,000 [4s . 
No. of Operators 
Superintendent Under § 17 7 82 139 76 22 9 1 2 1 356 
Superintendent 5-50 1 4 28 125 253 214 138 57 “ 3 831 
Superintendent Over 50 1 22 77 86 27 22 291 
Asst. supt. Under 5 3 i 1 il 
Asst. supt. 5-50 5 28 45 16 9 1 1 105 
Asst. supt. Over 50 2 12 28 38 42 24 4 7 157 
Division head Under 5 1 22 18 6 3 1 51 
Division head 5-50 17 71 70 32 12 3 205 
Division head Over 50 1 2 29 114 iil 97 46 12 3 415 
Supervisor Under 5 2 4 22 24 16 5 2 75 
Supervisor 5-50 20 34 37 6 2 99 
Supervisor Over 50 1 4 37 89 78 42 10 1 262 
Operator Under 5 4 4 10 1 1 24 
Operator 5-50 1 2 14 3 28 
Operator Over 50 9 10 14 2 35 
Total 27 23 240 551 775 578 430 230 55 + 2,945 


me 

i 
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ing operators and 67 per cent, non- 
operators. Although the greatest 
number of nonoperators contribute 6 
per cent or more only 31 per cent of 
the operators have to put in that high 
a percentage. In more than 75 per 
cent of the plans, total salary is the 
base upon which contributions are 
determined. 

The ratio of public to private owner- 
ship (Table 13) in the utilities repre- 
sented is approximately 5 to 1. In 
administrative setup (last two col- 
umns of Table 14) the publicly owned 


TABLE 10 
Salaries of Operators and Nonoperators 


1 2 3 4 


Non- 

percent" | °perators 
Under 1,800 1.0 
1,801-—2,400 1.0 
2,401-3,600 7.9 
3,601-—4,800 18.5 
4,801-6,000 26.0 
6,001-7,200 19.3 
7,201-9,000 14.7 
9,001-—12,000 

12,001-15,000 
Over 15,000 


Salary Range Ratio 
Col. 2:Col. 3 


— 


utilities include: 43 per cent in which 
the superintendent is directly respon- 
sible to an independent board or com- 
mission ; 28 per cent where he reports 
to the city council; 15 per cent, to the 
city manager ; 7 per cent, to a commis- 
sioner of public works; 5 per cent, to 
a mayor; and 2 per cent, to other ad- 
ministrative bodies. Most surprising 
is the prominence of the independent 
board or commission. 

Except for the highest salary 
bracket, the city manager administra- 
tion provides the greatest compensa- 
tion for superintendents, although 
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none receives over $15,000 under this 
setup (Fig. 1). The lowest salaries 
are paid by city council administrations. 

The rather even distribution of mem- 
bers among the eight population groups 
covered (Table 13) would seem to 
weight the figures in favor of the larger 


TABLE 11 
Civil Service Status 


Under Civil 
Service 
Position or Type of Work* | 


Yes No 


Operators 


Superintendent 1,259 
Asst. supt. 201 
Div. head 404 
Supervisor 211 
Operator 54 
Other 58 


2,187 


Total 


Nonoperators 


Chief exec. of polit. 
subdiv. 

Consultant 

Empl. of consult. 

Teaching 

Health dept. empl. 

Pub. empl., not water 
util. or health dept. 

Manufacturing 

Industr. supply empl. 

Contractor 

Other 


Total 


* See Table 2 for unabbreviated listings. 
cities, as approximately 93 per cent of 
United States’ water utilities serve 
towns of less than 10,000 population. 
The distribution is not quite as bad as 
the 32 per cent employed in the under 
10,000 category would suggest, how- 
ever, for the larger utilities, of course, 


| 
| 
| 271 
| 672 
| 432 
73 ; 
| 837 3,024 : 
| 1:0.28 
| 1:0.8 
| 1:1.36 3 73 76 
1:2.2 8| 663 
| 1:13.9 6} 122] 128 
211 134 345 
6; 957 
2 83 85 
128] 130 
16| 231 
a 509 | 2,644| 3,153 
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have a good bit more than 7 per cent that unionization has reached only 5 
of the employees. At any rate, it ap- per cent of the members in the United 
pears evident that AWWA member- States and Canada, half of the union 
ship is not general enough in the members being affiliated with the 
smaller communities. American Federation of Labor. In 

The union affiliations of operator order of frequency of unionization, the 
members shown in Table 15 indicate utility divisions involved were: [1] 


TABLE 13 
AWWA i by Type and Size of Utility 


Pare. 


Utility Population Served by Utility —/,000's 


otal, or | 


| | 
| 
Public | Private los 2-3 100- | 500- | Over Total, 


less | 5-10 | 10-25 | 25-50 | 50-100 | 'sqq | 1 000 | 1,000 | Col. 5-12 


Operators 


Superintendent | 1,271 1 | 219 «1,495 
Asst. supt. | 198; 76 | 39 | 54 | ae.) ase 
Div. head | 549) 128 | 52| 53| 81| 72) | | 674 
Supervisor | 391) 48 | 435 
Operator | 83 6 88 
Other | 43 73 


Total | 2,535 507 | 3,042 S31 | | 166 | 258 | 3,038 


TABLE 14 


Salaries—$ 


| | 
800 | | Per 

| ‘or | 1-801-) 2,401~) 3, 801-| 6,001- 7,201-| 9,001-| 12,001-| Over | Cent 
| Under 400 | 3,600 | 4, | 7,200 | | 13,000 | 15,000 |15,000) 


Administration 


| Total 


No. of Superintendents 


Mayor 

Administrative 
officer* 

Comr. of public 
works 

City council 

Independent boardt 

Other 


Total 


* Such as city manager. 
+ Or commission. 


| 2 | | | | 
‘ 
; 
| 
| 
8 10 | 16 ss | 5 
| 4 25 | s3 | 45 | 3s | 2 | 10 | 196 | 1s 
6 3. | 47 101 so | 42 
6 oS 95 | 134 | 110 | 85 oo | 15 8 | S55| 43 
= | 43 9 | 97 | 249 | 317 | 244 | 189 | 119 | 29 10 | 1,276 | 100 
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Administrative Officer 
(City Mgr.) 


Annual Salary —$ 


Commissioner of 
Public Works 


4 


\ independent Board 


4 


or Commission 


10 


20 


30 40 50 60 70 90 106 


Percentage of Superintendents Receiving Indicated Salary or Less 


Fig. 1. Superintendents’ Salaries, by Type of Utility Administration 


The city manager setup is the most advantageous, financially, to the superintendent. 
See Table 14 for a tabular presentation of the material shown above. 


TABLE 15 


Union A filiation of Operators 


meter and transportation (equal) ; [2] 
distribution ; [3] commercial; [4] en- 
gineering; [5] pumping and [6] 


Affiliation US |Canada|Cuba| Totaa treatment. 

— A total of 632 utilities reported that 
they had an active safety program; 
Bas; unions 12 2 14 835 indicated that they did not. Al- 
Public employee though the 43 per cent “Yes” is en- 

unions is} 2 15 couraging, it does indicate the need for 

Other unions 27. much work in this field. It is hoped 

Total 138 that the facts developed by this survey 

will stimulate study and action in an 

Nonaffiliated 2,705| 172 | 3 | 2,880 attempt to correct at least some of the 
weakest areas of activity. 
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A Threshold Odor Test is the only known way to evaluate 
your success in removing disagreeable tastes and odors 
from your water. Frequent odor surveys are essential to 
insure constantly palatable water. Technicians from 
INDUSTRIAL, as part of their regular services, will as- 
sist you in the application techniques of AQUA NUCHAR, 

The dosage of AQUA NUCHAR—activated carbon— 
needed to provide palatable water will depend upon the 
many varying conditions which determine the state of 
the raw water supply. Waterworks operators realize that 
partial reduction of odors may not produce palatable 
water. In fact, the average individual will be fortunate 
to detect the difference between waters having Threshold 
Odor values of 50 and 25. Therefore, sufficient activated 
carbon must be applied at the right time and place to 
reduce the threshold number to a value of 5 or less. 
Complete reduction of detectable odors (Threshold Odor 
of 5 or less) will eliminate complaints and may even re- 
sult in compliments on the water quality. 

INDUSTRIAL’S Research and Technical Group are 
available to you (without obligation) when you face 
odor problems. 


CHEMICAL SALES 
division west virginia pulp and paper company 4 
New York Central Bidg. Pure Bidg. Lincoln-Liberty Bidg 


230 Park Avenve 35 E. Wacker Dr. Broad & Chestnut Sts. 
New York 17, N. ¥. Chicage 1, ii. Philodelphic 7, Pa. Cleveland 20, Ohie 
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No proud father would argue that twins And its lower initial cost gives you a nice saving. i¢ 
are as easy to take care of as one. That's So why use two meters when one will do the job? it 
one reason Neptune Trident Style 3 meters Style 3 meters were the first to feature a spe- 
are recommended in place of compound cial pressure adjustment. In high-pressure lines, n 
meters for 1%" and 2” service lines. The the outlet of the meter is throttled to prevent Si 
Style 3 disc meter is accurate down to excep- overspeeding, and in low pressure installations, it 
tionally low flows, and handles high flows with the outlet is opened wide to minimize loss of 
The simpler Style 3 meter maintains accuracy Proof of the accuracy and efficiency of the d 
longer, and repairs (when necessary) ore easier. Trident Style 3 will be found in your own testing ) 
Modern Style 3 parts fit older meters. There's equipment . . . in lower maintenance costs . .+ I 
no obsolescence . . . you modernize as you go. and in increased revenue. Tr 
fi 
ti 
NEPTUNE METER COMPANY 
19 West 50th Street © New York 20, N. Y. i : q 
fz 
NEPTUNE METERS, LTD. | a 
1430 Lakeshore Road @ Toronto 14, Ontario 3 
Bronch Offices in Principel Ir 
American ond Conodian Cities 
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30,000,000 orphans sound like the 
price of revenge rather than reciproc- 
ity, but it was against a reciprocal 
trade act proposal to grant tariff con- 
cessions on foreign-made water meters 
that representatives of the domestic 
meter industry assessed this rather ter- 
rifying toll. That the orphans will be 
meters rather than men is, of course, 
comforting, although the probable proc- 


ess of parenticide could hardly have 
sounded so to members of the Tariff 
Commission and Committee for Reci- 
procity Information before whom Dante 
Broggi, President of Neptune Meter 
Co., described it last Mar. 30 in Wash- 
ington, as spokesman for most of the 


meter industry and its workers. Es- 
sence of his argument was that foreign 
industry, benefiting by much lower la- 
bor costs, would be able to undersell 
domestic manufacturers and, thereby— 
primarily because 70 per cent of water 
meter customers are required to buy 
from the low bidder—capture the en- 
tire market in a short time. Such 
capture, Mr. Broggi pointed out, would 
quickly put the present domestic manu- 
facturers out of business, making un- 
available spare parts for the more than 
30,000,000 meters now  installed— 
making orphans of them, that is. Fur- 
ther orphaning would be involved, of 
course, if foreign supplies were later 


cut off by war or other emergency, 
with serious effects on water supply 
conservation at the very time when it 
would be most needed. 

On hand to protest the threat to the 
parents of the prospective American 
orphans were Morrison B. Cunning- 
ham, superintendent and engineer of 
the Oklahoma City water department, 
and James G. Carns, meter specialist 
for the American Water Works Serv- 
ice Co. Based on their extensive ex- 
perience and their knowledge of the 
viewpoint of the water works field, they 
pointed out to the tariff committee the 
seriousness of the losses that would be 
involved if present meters had to be 
scrapped for lack of spare parts, the 
false economy of “cheap” meters, and 
the importance of the individualized 
service and counsel now available to 
customers from the domestic meter 
manufacturers as a result of their long 
experience in the field and their close 
relationship with its personnel. 

Attesting, too, to the character of 
the parents was an AWWA resolution 
which called the attention of the Tariff 
Commission to the importance of the 
domestic water meter industry not only 
to the water works field, but to the 
nation as a whole, and recommended 
continued tariff protection in the na- 
tional interest. 
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All the expertation went for naught, 
however, for a week later the commis- 
sion decided to grant the tariff conces- 
sions and was off to Geneva to nego- 
tiate the necessary treaties. Mean- 
while, the industry back home was 
busy figuring out ways to make its 
own dire predictions untrue. And 
knowing the seven prolific parents of 
our multimillion meters, we have an 
idea they'll soon find a means of pre- 
venting our water works from becom- 
ing large-scale orphanages. 


“A bath for every bedroom” seems 
to have become the new symbol of our 
prosperity. Not since the days of “a 
chicken in every pot” have we sought 
to express our high standard of living 
in such—well, bare—essentials. The 
new “bath,” too, is more than just a 
“bathroom”; it has a tub or, at the 


very least, a stall shower, and bathers 
almost every day. Somehow the tub 
has gained a tremendous amount of 
popularity since the Saturday nights 


that we remember. This could, of 
course, be the result of Hollywood 
glamorization, as all the fancy soaps 
and salts and bubbles and perfumes 
would seem to suggest, but we're a 
little more inclined to guess it’s be- 
cause we really need the baths. True, 
our medieval ancestors got along with 
three in a lifetime—at birth, at mar- 
riage, and at death—but they didn’t 
have to worry about what their best 
friends wouldn't tell them. Nor were 
nerves then as frayed and fragrant as 
ours can’t help but be. 

With this application of the “one-a- 
day” principle meaning 36 gal in every 
tub and 25 gal in every shower, water 
workers who have anything to work 
with should be prospering. For those 
who are worried rather than elated 


about the extra business, even bigger 
worries are on the horizon in the still 
newer trend which promises “a swim- 
ming pool in every yard” practically 
by the next election. With prefabs 
and plastics making possible swim-size 
pools for as little as $200 and with a 
manufacturer of $2,000 pools claiming 
sales of 600 for the coming year, it 
shouldn’t be too long now before 
everybody who is anybody at all will 
have caught up with the Davy Jones’s. 

Rather than worry, though, no mat- 
ter how unhappy the local water situa- 
tion, every water works man will do 
well to get on the bathwagon—to get 
in the swim. After all, the customer 
who has invested in four baths and a 
pool isn’t going to put up with a water 
shortage for very long if he’s shown 
that something can be done about 
it, and relatively inexpensively, too. 
“Water for every tub and pool” doesn’t 
have to be a luxury either. 


A Junior Sanitary Engineer com- 
petitive examination, open to all quali- 
fied US citizens, has been announced 
by the New York State Dept. of Civil 
Service. The salary range is $4,350- 
$5,460. Detailed information can be 
obtained from the Examinations Div., 
New York State Dept. of Civil Service, 
39 Columbia Street, Albany 7, N.Y. 
(refer to “No. 144, Junior Sanitary 
Engineer”). 


Worthington Corp., Harrison, N.J., 
announces that its Wellsville Works 
and Steam Turbine Sales Div. are be- 
ing merged and will be known as the 
Steam Turbine Div. Arthur F. Rein- 
king, manager of the sales division, 
has been appointed general manager 
of the new division. 
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a GENERAL FILTER 


DEMINERALIZATION 
IRON RUST REMOVAL 
ALKALINITY CONTROL 

HIGH CAPACITY 
RESINOUS ZEOLITE 
plus the 


solve yours. 


WATER TREATMENT PLANT 
WILL FIT YOUR NEEDS LIKE A 


7 hi / 
Thot's right! General Filter actually prescribes a water treatment plant to fit the 
individual needs and requirements of each industry or municipality . . . designs, 
engineers and constructs it to assure an udequote supply of pure woter . . . to 


ded dable, ical, trouble-free operation over the years. 


That's why more ond more industries ond municipalities are in- 
stalling General Filter woter treatment plants. They know they 
can depend on General Filter to solve their problem the right 
way. No job is too big or too small. General Filter's field-trained 
water speciciists will prescribe o plont .. . its experienced en- 
gineers will design it and its skilled construction engineers will 
build it tot your needs exactly. 


AMES, IOWA 


Write today fer complete inf 


“yours for better water” 


FILTERS 
AERATORS 
SOFTENERS 
TASTE AND ODOR 
SERPERIENCE KNOW-HOW 
FACILITIES 
TO SOLVE your ad 
ormotion .. . obligation... 
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Radioactive digout—not fallout— 
has been the cause of more than con- 
siderable excitement on the Denver, 
Colo., watershed of late—and the 
happy note is that the contamination 
is strictly prefissional. Uranium ore 
it is—and a rich strike at that, with 
assays up to $1,850 per ton compared 
to the $50 per ton ore now being mined 
in many places, not to mention the 
$0.05 per ton stuff usually handled by 
the water department. At last re- 
ports, negotiations for development of 
the strike on the basis of a royalty 
payment to the Denver Water Board 
were being sought by Manager E. L. 
Mosley with a lot less concern than he 
usually feels in seeking a lot less money 
in higher rates. All of which suggests 
that the Denver bonanza is going to 


sell many, many more Geiger counters 
than all the ominous urgings of civilian 
defense authorities ever did. And even 
if they never lead to another strike, 
they’ll be worth their weight in digout 
as detectors of fallout—or even putin. 


Frank W. Chapman, of Greenwood, 
S.C., has been named “Public Servant 
No. 1” by the Greenwood Rotarians 
for his work as superintendent of the 
commissioners of public works. Dur- 
ing his tenure of office (he retired in 
1952), an entirely new and modern 
filter plant, three sewage treatment 
plants, and many improvements in the 
electric system were completed. Mr. 
Chapman has been a member of 
AWWA since 1925 and is a past chair- 
man of the Southeastern Section. 
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DeZURIK 


WATER-WORKS 


PLUG VALVES 


LEAK-FREE 
NON -SCORING 


TO OPERATE... 


EASIEST 


TO MAINTAIN... 


Despite sand and silt, DeZurik 


ing! 


Non-Lubricated Plug Valves seal 
tight without binding, without scor- 


The rubber-faced plug, in com- 
bination with exclusive eccentric 
action, provides dead-tight shut-off, 
sealing around particles in the flow. 


Write for information. 


DeZURI 


SHOWER CO. 
SARTELL, MINN. 


SEE US IN BOOTHS 161-162 AT THE AWWA CONVENTION 


« 
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FROM NEW “HUB OF THE WEST”’ SOURCE... 


USS QUALITY 
PIPE KEEPS 


PACE WITH 
THE WEST 


Consolidated Western’s 
new plant serves 
the entire West 
with Water Pipe 


With the coy A its new Utah plant now under con- 


struction on a 117 acre site near Provo, Consolidated 

Western Steel has once again expanded its facilities to 

keep pace with the need for pipe to build the West's great 

projects... like the giant new Mokelumne Aqueduct. This 

vital conduit reaches 170,000 feet across the fertile 

Sacramento Valley into the reservoirs of the East Bay Muni- 

cipal Water District, Oakland, California. Built from 69” 

diameter Consolidated Western welded steel pipe—the new The new plant at Provo, Utah is 

Mokelumne is one of the West’s most modern waterways. _ ideally located to serve you with the 
Because United States Steel always emphasizes quality greatest possible efficiency. It will 

control from mine to mill to finished steel... its consist- produce and deliver the highest 

ently high-quality steel pipe is in demand the world over. quality electric-welded steel pipe at 

For 100 years, Consolidated Western Steel, Division United _ the lowest possible cost. Sizes availa- 

States Steel, has pioneered the fabrication, erection and ble include 4” to 40” diameters in 

manufacture of pipe, structural steel, plate products and lengths up to 50 feet to meet the 

mechanical equipment—constantly proving that only needs of domestic water systems, in- 

steel can do so many jobs so well. dustrial and agricultural installations. 


CONSOLIDATED WESTERN STEEL 


Sales Offices: Los Angeles, San Francisco, Fresno, Bakersfield, California, Phoenix, Arizona, Seattle, Washington; Houston, Texas. 
DIVISION 
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W-Day for ASCE was May 2, the 
day on which William H. “Pete” 
Wisely officially took over as execu- 
tive secretary of the American So- 


W. H. Wisely 


ciety of Civil Engineers. He succeeded 
Col. William N. Carey, who held the 
post ten years and is retiring as ex- 
ecutive secretary-emeritus. Wisely has 
been serving as ASCE associate sec- 


NEW WACHS 
PORTABLE POWER SAW 
FASTER—SAFER—ACCURATE! 

Cuts 2”, 4", 6" & 8” 

Cast Iron and Steel Pipe 
WACHS GUILLOTINE SAW FACTS— 
@ Cuts Fast @ Height 28” 
@ Cuts Clean @ Width 22%" 
@ Cuts Square @ Depth 12” 

@ Set up time, Jess than one minute 
@ Power—electric or air motor 
@ Weight 105 pounds 

For further information write to: 


THE E. H. WACHS COMPANY 


1525 N. Dayton Street + Chicago 22, Mlingis 
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retary since the first of the year, hav- 
ing previously been executive secretary 
of the Federation of Sewage & Indus- 
trial Wastes Assns. 


The US Public Health Service has 
announced a number of changes in 
personnel assignments: Gordon E. 
McCallum has been named head of the 
Water Pollution Control Program, 
Washington headquarters. Mr. Mc- 
Callum’s former position as chief of 
the Office of Health Emergency Plan- 
ning is being taken by John B. Hozier, 
medical consultant. Alfred H. Wiet- 
ers, assistant chief of the Water Pol- 
lution Control Program, Washington 
headquarters, has left to become a con- 
sultant on pollution control to the 
Brazilian Ministry of Health, Rio de 


CORT ORATION 


CORPORATION 


1028 Connecticut Ave., N. W. 
WASHINGTON 6, D.C" 


ify 
= ~ SODIUM 
SILICQFLUORIDE 
: | (Fluosilicate 
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IM P R 0 V E Water Treatment 
with PROVED American 


EQUIPMENT 


ot Effective 
Conditioning © and 


CONTINUOUS PIPELINE CHEMICAL MIXING 


THE HOMOMIX—provides instant, violent, uni- 
form, and complete mixing of one or more chem- 
icals or gases with water—continuously or in- 
termittently, without the use of a mixing tank! 
Designed -vith one or more stages of direct-con- 
nected motor driven diffuser impellers rotating 
in blending chambers, it forms part of the in- 
fluent piping. Discharges directly across the flow- 
through stream. Mixes instantaneously at the 
point of entry. Lift impeller can be added to 
ovide additional head, if required. Send for 
‘echnical Supplement HM and Bulletin 300. 


IRON AND CARBON DIOXIDE REMOVAL 


THE FERROFILTER—removes iron, manganese, 
carbon dioxide, and other dissolved gases and 
odors—efficiently and economically, in one sim- 
ple operation. Utilizes fine media in open aera- 
tion. Write for Bulletin No. 252B. 


THE FLOCSETTLER—combines in one unit all 
modern concepts of water and waste treatment, 
including mixing and slurry blending, slurry 
recirculation, slud blanket settling, slud 
concentration, and sludge removal. Send 
Technical Supplement FL. 


Working Model of 
Homomix on Display 


PADDLE - -PROPELLER -RM TYPE MIXERS—for ra sapid 
mixing to obtain continuous blending of 
with raw water. 


PADDLE -DOWNFLO -FLOCCULATION UNITS—de- 
signed to efficiently carry out the slow mixing 
and flocculation functions required in the coagu- 
lation process. Choice of vertical and horizontal 
units, Send for Technical Supplement PF. 


SLUDGE REMOVAL 


POSITIVE FLIGHT CONVEYORS—for rectan ar 
settling tanks. Heavy-duty solid bad- 
bitted plate sprockets. Heavy adjustable self- 
aligning wall bearings, furnished with foundation 
bolts welded to templates and eccentric wi 

for economical installation. 


CIRCULAR CLARIFIERS —Structural steel bridge, 
steel flights in staggered position mounted on 
two radial trussed arms driven by motorized 
gear reduction unit. Write for Bulletin 253B. 


Complete line of double-suction split-case sin; 
— e, two-stage, end suction, axial flow, sl 
deep well turbine >umps—for wide range mot 
oar water, low lift, Eigh lift, backwash, and 
neral service pumping requirements. Send for 
ulletins 248A, 246A, 251A, 245A, 


WELL Works 


in Booth 16-17 
A.W.W.A. Convention 
Chicago, June 12-17 


AURORA, ILLINOIS 


Ove 


Pumping. Sewage Treatment and 
112 North \ Woter Purification Equipment 
at 


SEARCH ENGINEERING MANUFACTURING 


Offices Cranage Mew York Clevelond Lomas Cay Soles throughow! the World 


Ba 
4 
RAPID MIX AND FLOCCULATION UNITS 
SOFTENING AND TURBIDITY REMOVAL PUMPS 
— | | 
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Janeiro. Ralph J. Johnson, chief of 
housing hygiene activities, Div. of 
Sanitary Engineering Services, Wash- 
ington headquarters, has resigned to 
become director of the Research Insti- 
tute and Construction Dept., National 
Assn. of Home Builders, Washington. 
E. Carl Warhentin and William E. 
Holy have been named regional engi- 
neer and assistant regional engineer, 
respectively, at the Dallas Regional 
Office. The former regional engineer 
there, E. C. Anderson, has been ap- 
pointed assistant chief of the Radio- 
logical Health Branch, Div. of Sanitary 
Engineering Services, Washington. 
Robert R. Harris, chief of the Water 
Pollution Control Basin Office at Port- 
land, Ore., has been named chief of 
the Water Supply Branch, Div. of 


Sanitary Engineering Services, Wash- 
ington headquarters. 


A self-propelled air compressor, in 
the 125-cfm class, has been placed on 
the market by Schramm, Inc., West 
Chester, Pa., under the trade name 
“Standard Pneumatractor.” The fob 
factory price is $3,675. 


“How do you rate?” is, or certainly 
should be, a pretty scientific sort of 
question these days, to be answered in 
such analytical terms as those used by 
Dick Hazen in the higher-browed pages 
of last month’s JouRNAL (see p. 310). 
But back in the days when men were 
men and metermen weren’t many, it 
apparently required more ingenuity 
than engineering to devise a sound 
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BUILDERS PROPELOFLO is an inexpensive main line meter for totalizing 
water consumption. Gives dependable, trouble-free service on the job. 
Meters accurately over wide range — six-digit totalizer shows water use 
directly in gallons, cubic feet, etc. For complete information on this 


UILDERS-PROVIDENCE 


DIVISION OF 8B-I-F 


easy-to-install meter, write to Builders-Provid 
Providence 1, Rhode Island. 


INDUSTRIES, 


Inc., 365 Harris Ave., 


INC. 


FOUNDRY © FHOFORTION INC. OMEGA MACHINE CO, 


K FEEDERS 
COmTROLs 
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Rensselaer 
Combined 


and 


Vacuum 


Release 


VALVES 


This Rensselaer valve is used to allow air to escape while the pipe is being 
filled with water; to allow air to flow into the pipe when it is being emptied 
of water and to allow accumulated air under pressure to escape at high 
points of the line. 

It is used extensively for water mains, turbine pump discharge, bowls of 
booster pumps, air tanks and sand traps. 

This valve will positively close under low water head, cannot blow shut 
and allows full and clear passage of air. 

It is a combination vent, vacuum and pressure air valve, with all parts 
built for long and satisfactory service. 

It is available in simplified form for air release only. Ask for bulletin No. F. 


106C 


SALES REPRESENTATIVES IN PRINCIPAL CITIES 


Division of The Ludlow Valve Manufacturing Co., Inc. 
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Station 5A, the world’s largest self-powered pumping station, went into 

service on Mar. 19 as part of Florida’s flood control system. Located 

between Lake Okeechobee and West Palm Beach, the station houses 

six 116-in. Fairbanks-Morse pumps with a combined capacity of more 
than 3 bil gal per day. 


rate schedule, A product of such in- 
genuity at work was the schedule es- 
tablished by the Huntington, W.Va., 
city council on Nov. 22, 1886, which, 
among other items, set forth the fol- 
lowing annual charges: 


Banks—one faucet, $10. Bakeries— 
daily average of each barrel of flour used, 
per barrel, $4 (no bakery less than $8). 
Barber shop—first chair and basin, $6; 
each additional chair, $3. Baths—private, 
without heating attachment, $4; private, 
with heating apparatus, $5; hotel or 
boarding house, each tub, cold, $8; hotel 
or boarding house, each tub, hot, $10; 
public, first tub, $12; each additional tub, 
$8. Building purposes—brick, per 1,000 
laid, 10¢; stone, per perch, 7¢; plaster, 
per 100 yd, 30¢. Boarding house—per 
room, $1.50 (no charge less than $10). 

Halls, theaters, and hotels—special 
rates. Laundries, $10 to $20. Offices— 
with washbasin, $5 to $10. Offices, 
printing—six hands or less, $12; each ad- 
ditional hand, $1.50. Photograph gallery 
—special rates. Residences—occupied by 
one family, six rooms or less, $5; each 


additional room, 75¢. Restaurants—spe- 
cial rates. 

Saloons—two self-closing bar faucets, 
$10; one self-closing and one hose bar 
faucet, $15; washbasin, self-closing fau- 
cet, $4. Sanitary facilities—special rates. 
Soda fountains, $10 to $25. Stabie— 
livery, boarding or sale, per horse, in- 
cluding carriage washing, $2 (no charge 
less than $10); private, one horse, in- 
cluding washing carriages, $3; each 
horse, $2; each cow, $1.50. Steam boil- 
ers—special rates. Stores and shops, $5 


to $20. 
Seasonal Rates 


Sprinkling lawns with #-in. nozzle 4 
hr per day, 60-ft front or less, $5; each 
additional front foot, 10¢. Street sprink- 
ling (corner lots measurement on both 
fronts for street sprinkling), per front 
foot, 5¢. Fountains, to be used not over 
6 hr per day for the season of 6 months 
—rs-in. jet, $8; &-in. jet, $15; %-in. 
jet, $20. 


The original contract provided that 
the city pay $3,000 per year for the 
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_ COLD PROCESS SOFTENER AND CLARIFIER 


The distinctive design of the Graver Reactivator®, 
proven in hundreds of installations, combines all four of 
these important features in one unit: 1. Controlled Sludge 
Recirculation, 2. Separately driven Sludge Scraper, 3. Low 
Sludge Level, 4. Sludge removal over entire bottom area 


DESCRIPTIVE CATALOGUE WC-103A 


Municipal Dept. M-113 

GRAVER WATER CONDITIONING CO. 
A Division of Graver Tank & Mfg. Co., Inc. 

216 West 14th Street, New York 11, N. Y. 
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use of 84 hydrants and for water to 
the fire stations, city offices, public 
schools, and “fountains to be furnished 
by the city with self-closing valve for 
man and beast.” The city was given 
permission to use the hydrants for 
sewer and street flushing, but no more 
than two hydrants were to be used for 
such purposes at any one time, and 
those for no more than 10 min at 
a time. For the few who had meters 
there was a “metro rate,” which 
started at 40¢ per 1,000 gal for the 
first 1,000 gal and dropped to 15¢ per 
1,000 gal for amounts over 10,000 gal 
—presumably per year. 
What price water, indeed? 


An_all-silicone-rubber insulating 
system for large motors and generators 
has been announced by Allis-Chalmers 


Mfg. Co., Milwaukee. “Silco-Flex” 
insulation is said to provide a sealed, 
impervious dielectric barrier, continu- 
ous around the coil and leads, which 
forms a flexible, moisture-, chemical-, 
and heat-resistant wall over the entire 
coil structure. The insulation will be 
priced on the same basis as previous 
Class H insulations. 


Julian R. Fleming, who was for- 
merly associate professor of hydraulic 
and sanitary engineering at the Uni- 
versity of Tennessee and has fre- 
quently served as a sanitary engineer- 
ing consultant, has been named director 
of the Div. of Sanitary Engineering 
of the State Dept. of Public Health, 
Nashville, Tenn. He replaces R. P. 
Farrell, who died in an accident on 
Jan. 8, 1955. 
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KLETT SUMMERSON 
ELECTRIC PHOTOMETER 


Adaptable for Use in Water 
Analysis 

Can be used for any de- 

termination in which color 

or turbidity can be devel- 

oped in proportion to sub- 

stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 
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Testing...testing...50 years and longer 


to make CRANE VALVES maintenance free 


Testing for product performance values is an old custom with Crane. It was 
started long before many standards existed —long before others in the field 
used this means of product improvement and quality control. 

Today’s Crane valve testing is done in both field and laboratory by the 
most scientific techniques. This continuing work seeks to increase valve 
performance and lessen maintenance needs. A single example is the stem 
packing test shown above. 

Here’s one of the reasons back of the thrifty buyers’ preference for Crane 
valves. They can rely on ever-improving Crane quality to protect their 
company’s investments in piping equipment —espe- 
cially today, in the face of high maintenance and 
repair costs. No wonder industry keeps using more 
Crane valves than any other make. 


CRANE CO. 


General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES FITTINGS PIPE PLUMBING HEATING 
‘CRANE’S FIRST 
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The FSIWA—Federation of Sew- 
age and Industrial Wastes Assns.— 
has moved to its new quarters at 4435 
Wisconsin Ave., N.W., Washington 
16, D.C. The office was formerly lo- 
cated in Champaign, III. 


Edward D. Flavin has been ap- 
pointed vice-president of the Johns- 
Manville Sales Corp., New York, and 
manager of special industries, Indus- 
trial Products Div. Mr. Flavin, who 
joined the company in 1929, succeeds 
the retiring L. A. Baldwin. 


New York State has amended Sec- 
tion 77-b of its general municipal law 
to include improvement district boards 
among those bodies which can au- 
thorize and pay the expenses of their 


members or employees to attend con- 
ventions, conferences, or schools. In 
addition to travel, meals, and lodging 
expenses, the amendment provides for 
the payment of registration fees up to 
$5.00. 


The Band-Aid for broken mains 
suggested in a recent issue was no 
time at all in coming. As a matter of 
fact, the suggestion was hardly out of 
our mouth at the time that the Cela- 
nese Corp. of America was busy ban- 
daging a rusted-out water header at 
its Bishop, Tex., plant. Approxi- 
mately 40 ft of pipe had eroded, with 
large holes in some areas and the bal- 
ance almost paper thin. To repair it, 
the scale was first knocked off, then 
two plies of glass cloth, saturated with 
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SZ For Public Water Fluoridation 


Sodium Silicofluoride—98% 


(Dense Powder) 


Sodium Fluoride—98% 


(Dense Powder or Granular) 
Meets AWWA specifications 


White or tinted blue 
Minimum of dust in handling 
Minimum of storage space 


Available in bags and drums 


The AMERICAN AGRICULTURAL CHEMICAL Co. 


50 Church Street, New York 7, N. Y. 


May 1955 JOURNAL AWWA P&R 49 


DE LAVAL pumps America’s water... 


These five De Laval centrifugal pumping 
units, each consisting of two pumps in series, 
are installed in the Hays Mine Station 

of the South Pittsburgh Water Company. NOTE: 
The unit in the foreground is designed for 
5,400 gpm against a total head of 395 ft. Have you considered the 
at 1,200 rpm and is driven by a 600 hp dollars and cents savings 
motor. The other four units are identical, you can make by replacing 
each designed for 9,000 gpm against a total your old pumps with new, 
head of 395 ft. at 1,200 rpm, and are each more efficient De Laval 
driven by a 1,000 hp motor. units? Write to De Laval for 
Pump Fax bulletin which 
includes a valuable “power 
savings” chart, 


More than 80% of America’s cities depend 
on De Laval pumps to meet their water 
needs efficiently and economically. De Laval 
municipal pumping units range in capacity 
from 100 thousand to 100 million 

gallons per day. . 


Centrifugal Pumps 


DE LAVAL STEAM TURBINE COMPANY 
822 Nottingham Way, Trenton 2, New Jersey 


| ¥ IN 
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(Continued from page 48 P&R) 


a self-curing blend of polyester resin, 
were applied over the large holes. 
Leaks were then plugged and two ad- 
ditional plies of resin-saturated glass 
cloth wrapped about the rusted area. 
With just 30 gal of resin and total 
material costs of $137.88, the pipe was 
restored to full service. As a matter 
of fact, that may be a little more like 
Newskin than Band-Aid, but first aid 
nevertheless. 


A non-oily penetrant, “Puritan,” 
for loosening corroded nuts or bolts 
and seized parts of mechanical equip- 
ment has been developed by Olin 
Mathieson Chemical Corp., Baltimore. 
The product, which is said to be fast 
acting, deeply penetrating, nonflamma- 
ble, and odorless, will be available in 
half-pint and larger containers. 


Ralph N. Thompson, former chief 
chemist of the Falulah Paper Co., 
Fitchburg, Mass., has been appointed 
manager of research for Calgon, Inc., 
and Hall Labs., Inc., chemical sub- 
sidiaries of Hagan Corp., Pittsburgh. 
Mr. Thompson succeeds the retiring 
Dr. T. H. Daugherty, who will con- 
tinue as consultant. 


Controlled hardness is provided by 
a bypass system marketed by Graver 
Water Conditioning Co., New York. 
A single setting on the adjustable ori- 
fice controls the proportionate mixing 
of untreated hard water and fully sof- 
tened water to produce the degree of 
hardness desired. Valves are auto- 
matic, no pumps are used, and moving 
parts are kept to a minimum. 
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FOR REPAIRING 


BELL AND SPIGOT 
JOINT LEAKS... 


The only clamp 
with these two 
important fea- 
tures. Gasket 
is completely 
SEALED. Mas- 
sive %” electro- 
plated bolts. 
2°— 42" incl. 


Write for Catalog. 


M. B. SKINNER CO. 


SOUTH BEND 21, INDIANA, U.S.A. 


in over 300 plants with a doily 
capacity of 1% billion gallons... 


Glazed Fire Clay 
TILE FILTER BOTTOMS 


Leopold Duplex Filter Bottoms are getting 
more popular every day. And for good rea- 
sons, too. They last longer, perform better, 
and are anoen ualled i in economy. Want more 
details on this “performance-proved” filter 
bottom? Write us today. No obligation. 


F.B. LEOPOLD CO., INC. 
2413 Yi. Carson Street, Pittsburgh 4, Pa. 


Leopo/d 
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THE FORD METER BOX COMPANY, INC. 
Wabash, Indiana 


FOR BETTER WATER SERVICES | 


P&R 5] 
SD Catalog No. 56 
wwe METER BOK COMP 
\ “Qn the Banks of = 
\ A S. 
ead For Your Copy | 


A chaste taste well placed is that 
of Stanley Barwick of Potters Bar, 
Middlesex, England, for Barwick is 
chief taste tester for the London Met- 
ropolitan Water Board. An organist 
in the Assumption Church in Potters 
Bar, Barwick presumably doesn’t mind 
the “life of rigorous discipline, with- 
out cigarettes, alcohol, or onions” 
which he must lead to protect his 
supersensitive palate. What a taste 
waste we would say were it not for 
the fact that his 60 sips a day are 
reputed to be “largely responsible for 
the purity of the 350 mil gal used daily 
by the city’s 6,000,000 customers.” Of 
course, knowing that even the chastest 
taste may one day spring a leek, Lon- 
don’s MWB does well to add a pre- 
cautionary shot of chlorine. 


PERCOLATION AND RUNOFF 
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E. Paul Lange, assistant secretary 
of Engineers Joint Council, has been 
named secretary of that organization, 
succeeding Brig. Gen. Stewart E. 
Reimel, USA (Ret.), secretary of the 
EJC Committee on International Re- 
lations, who had been acting as tem- 
porary secretary of EJC. Mr. Lange, 
who has been engaged in mining engi- 
neering in various parts of the world, 
is a member of the American Institute 
of Mining and Metallurgical Engrs. 


Byron Jackson Co. has elected four 
new vice-presidents : Norman D. Jesse, 
Pump Div. sales, services, and 
branches ; Garth F. Nicolson, Oil Tool 
Div.; Evan H. Sweet, legal counsel; 
and Ross Barrett, public relations, ad- 
vertising, and market research. 
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Willing Water's all set 


for the 


DIAMOND JIM CARNIVAL 


Tuesday, June 14, at 


AWWA's 75th Annual Conference 


Conrad Hilton Hotel, Chicago 


How about You? 


\ 
A\\\ 
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HAVE YOU YOUR COPY? 
Anniversary YCalaleg 


Now—one of the most com- 
prehensive catalogs ever 
published in the industry. 
Completely new from cover 
to cover. 148 pages show- 
ing the Greenberg line in 
its entirety—new items, 
new illustrations, detailed 
descriptions, specification’s 
and list prices. A must for 
the catalog library of ew ry 
Engineer, Architect, Pur- 
chasing Agent, Pipe, Valve, 
Fitting and Plumbing Job- 
ber. Write for your copy 
today! 


STABILITY 1854 


"M.GREENBERGS SONS 


765 Folsom Street 
San Francisco 7, California 
Offices in Principal Cities throughout United States 
Manufacturers of: Underwriters Approved fire hydrants, hose valves and siamese 
connections. Fire protection hose goods; industrial, Navy and maritime bronze 


valves and fittings; plumbing and hardware brass specialties; bronze plaques, 
letters and name plates; crematory and cemetery bronze products. 


PLEASE MAIL THIS COUPON TODAY 


M. GREENBERG’S SONS + 765 FOLSUM ST. * SAN FRANCISCO 7, CALIFORNIA 
Gentlemen: Please send me « copy of your new catelog. 


Firm Neme 


Address 


City 
By 
If additional copies are desired, please list name and title of person to receive catelog. 


Bf, GREENBERY 
| 
: 
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WATCH DOG 
ON GUARD 24 HOURS A DAY 


Profits in water service today are measured in 
pennies. Worthington-Gamon WATCH DOG 
Water Meters guard your profits three vital ways: 

Accuracy. . . provides precise measurement 


Simplicity. . . of design makes for ease of FROST PROOF 


repair. — 

Durability . . when you invest in WATCH 

DOG Meters, you are assured of long life 4 

equipment. 

The majority of large U.S. cities are using 
WATCH DOG Meters. Write today for de- 
tailed information, concerning your specific re- 
quirements. Representatives and offices in all : 
principal cities. 


— 


WORTHINGTON-GAMON METER DIVISION 


WORTHINGTON CORPORATION 
296 SOUTH STREET, NEWARK 5S, NEW JERSEY 


“The sign of value around the world” 


aA 
A 
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Professional Seruices 


ALBRIGHT & FRIEL, INC. 


Consulting Engineers 
COMPLETE ENGINEERING SERVICE 
Including Design and Supervision of Construction 
Water, Sewage and Industrial Wastes Problems 
Airfields, Refuse Incinerators, Dams 
Power Plants, Flood Control, Industrial Buildings 
City Planning, Reports, Appraisals and Rates 
Laboratory For Chemica! & Bacteriological Analyses 


121 South Broad St. Philadelphia 7, Pa. 


BLACK LABORATORIES, INC. 


Consulting Engineers and Chemists 


on all problems of 
Water, Sewage and Waste Treatment 
ANALYSIS—TREATMENT— 
CONTROL— RESEARCH 


700 S. BE. 3rd Se. Gainesville, Fla. 


ALVORD, BURDICK & 
HOWSON 


Engineers 


Water Works, Water Purification, Flood 
Relief, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


20 North Wacker Drive Chicago 6 


BOGERT and CHILDS 


Consulting Engineers 
Cunrton L. Boozrr Frep 8. 
Ivan L, Booert Donato M. Dirmars 
Rosert A. Lincotw Cuaries A. MANGANARO 
Martin 


Water & Sewage Works Refuse Disposal 
Drainage Flood Control 
Highways and Bridges Airfields 


624 Madison Avenue, New York 22, N. Y. 


AYRES, LEWIS, NORRIS & MAY 


Consulting Engineers 
E. Ayres Roserr Norris 
Georeoe E. Lewis C. May 
Srvart B. Marnarp Homer J. Haywarp 


Waterworks, Sewerage, Electric Power 


500 Wolverine Building, Ann Arbor, Michigan 


Bowe, Albertson & Associates 
Engineers 


Water and Sewage Works 
Industrial Wastes — Refuse 
Disposal— Municipal Projects 
Airfields —Industrial Buildings 
Reporte— Designs Estimates 
Valuations— Laboratory Service 


110 William St. New York 38, N.Y. 


A. S. BEHRMAN 
Chemical Consultant 
Water Treatment 


Ion Exchange Processes and Materials 
Patents 


9 S. Clinton St. Chicago 6, Il. 


BROWN AND CALDWELL 


Civil and Chemical Engineers 


Water 


Consultation 


Sewage —Industrial Waste 
Design —Operation 
Chemical and Bacteriological Laboratories 


66 Mint Street San Francisco 3 


BLACK & VEATCH 


Consulting Engineers 
4706 Broadway, Kansas City 2, Mo. 
Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 
Transmission and Distribution; Sewerage and 
Sewage Disposal; Valuations, Special 
Investigations and Reports 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Warer Disrosar— 
Hypraviic DeveLorpments 


Reports, Investigations, Valuations, Rates, 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 EB. 19th Se., New York 3, N. Y. 
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Professional Seruices 


BURGESS & NIPLE 


Consulting Engineers 
(Established 1908) 


Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Laboratory Municipal engineering 
Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 

Valuations—Rates— Management 
Laboratory—City Planning 


210 BE. Park Way 
Pittaburgh 12, Penna. 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Water Works, Light and Power, Sewerage, 
Reports, Designs, Appraisals, Rate 
Investigations. 

Kansas City 13, Mo. Cleveland 14, Ohio 
P.O. Box 7088 1404 E. 9th Se. 


CHAS. W. COLE & SON 
Engineers—Architects 


Sewerage, Water Supply, Bridges, 
Highways, Toll Roads, Industrial, Municipal 
and Commercial] Buildings 


220 W. LaSalle Ave. South Bend, 
Central 4-0127 


Indiana 


JAMES M. CAIRD 
Established 1898 
C. E. Curron, H. A. Bennerr 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 


Cannon Bidg. Troy, N. Y¥. 


CONSOER, TOWNSEND 
& ASSOCIATES 


Water Supply —Sewerage 
Flood Control & Drainage—Bridges 
Ornamental Street Lighting— Paving 

Light & Power Plante—Appraisals 


351 EB. Ohio St. Chicago 11 


CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 


Investigations, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


Cotton, Pierce, Streander, Inc. 
Associated Consulting Engineers 

E. R. Cotton Pierce 

P. B. Streander . Gieseke 
I. J. 

Water Supply, Water Purification 
Sewerage, Sewage Treatment 

Refuse Disposal 


P. O. Box 198 132 Nassau Street 
Hyde Park 36, Mass. New York 38, N.Y. 


CAPITOL ENGINEERING CORP. 
Consulting Engineers 

Water Werks, Sewage Disposal, Airports, 

Dams and Bridges, Roads and Streets, 

Planning, Design and Surveys. 


Pa. 


Rochester, N. Y- Dallas, Texas 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade ~Bridges-—Subways 
ocal Transportation 
Investigations— Reports— Appraisals 
Plans and Supervision of Construction 


150 N. Wacker Drive 79 McAllister St. 
Chicago 6 San Francisco 2 
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FAY, SPOFFORD & THORNDIKE 


Engineers 
Aves W. Horne 
A. Bowman iam L. Hyland 
oan "A. Farwell Frank L. Lincoln 
Howard J. Williams 
Water Supply and Distribution — Drainage —Sew 
and Sewage Treatment — — Airports — Bridges — —Twagiiee 


Investigations Reports Designs Valuations 
Supervision of Construction 
Boston New York 


Professional 
Senuices 


FINKBEINER, PETTIS & STROUT 
Car.eton 8. Finxserver Cuarves E. Perris 
Harowp K. Srrovur 
Consulting Engineers 
Reports, Designs, Supervision, 

Water Supply, Water treatment, Sewerage, 


Sewage Treatment, Wastes Treatment, 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


GILBERT ASSOCIATES, INC. 


Engineers « Consultants « Constructors 
607 Washington St., Reading, Pa. 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemieal Laboratory Service 
Investigations and Reports 

New York Philadelphia 
Washington Cleveland, Ohio 


FREESE, NICHOLS AND TURNER 


Consulting Engineers 


2111 C and I Life Bidg. 
Houston 2, Texas 


CH-1624 


GLACE & GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Supervision of Construction 
and Operation 


1001 North Front St., Harrisburg, Pa. 


FROMHERZ ENGINEERS 
Structural—Civil— Sanitary 
Four Generations Since 1867 


Water Supply; Sewerage; Structures; 
Drainage ; Foundations 


Investigations; Keports; Plans and 
Specifications; Supervision 


New Orleans 


GREELEY AND HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


S. State Street, Chicago 4 


GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 


Engineers 
Water Marko 
Industrial Wastes—Garbage Disposal 
s— Airports—Bridges— Flood Control 
Town Planning—Apprai 


Herrisburg, Philadelphia, P 
Daytona Beach, Fle. 


WILLIAM F. GUYTON 
Consulting Ground-Water Hydrologist 
Underground Water Supplies 
Investigations, Reports, Advice 


Austin 1, Texas 
Tel. 7-7165 


307 W. 12th St. 


GET YOUR COPY NOW! 


A list of AWWA books, manuals, standards, 
and other publications may be had for the 
asking. Is your library complete? 


American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 


HASKINS, RIDDLE & 
SHARP 


Consulting Engineers 


Water—Sewage & Industrial Wastes— 
Hydraulics 
Reports, Design, Supervision of Construction, 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Avenue Kansas City 5, Mo. 
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HAVENS & EMERSON 
W. L. Havens C. A. Emenson 
A. A. Buroer F. W. Jones 
H. H. Mosevey J. W. Avery 
F. 8. E. 8. Onpway 
Consulting Engineers 


Water, Sewage, Garbage, Industrial 
Wastes, Valuations— Laboratories 


Woolworth Bldg. 
NEW YORK 7 


Leader Bidg. 
CLEVELAND 14 


JONES, HENRY & 
WILLIAMS 
Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bidg. Toledo 4, Ohio 


‘HAZEN AND SAWYER 
Engineers 
Ricnarp Hazen Aurrep W. Sawver 


Water Supply and Sewage Works 
Drainage and Flood Control 
Reports, Design, Supervision of 
onstruction and Operation 

Appraisals and 


122 Bast 42nd Street New York 17, N.Y. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


Ricuarp R. Kennepy Roserr M. Kennepy 
Investigation— Design 
Water Supply Water Purification 
Sewage and Waste Treatment 
Water Reclamation 


604 Mission St. San Francisco 5 


ANGUS D. HENDERSON 
Consulting Engineer 


Water Supply and Sanitation 


Westbury, New York 
Bayside, New York 


330 Winthrop St. 
210-07 29th Ave. 


HORNER & & SHIFRIN 


Consulting Engineers 
W. W. Horner V. C. Liseher 
H. Shifrin E. E. Bloss 


Water Supply —Airports—Hydraulic Engineer- 
ing — Sewerage — Sewage Treatment — Munici- 
pal Engineering — Reports 


seals St. Louis 3, Mo 


MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning 


Park Building Pittsburgh 22, Pa. 


KOEBIG & KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, 
Designs and Appraisals 
Water Supply & Water Treatment 
Sewerage & Sewage Treatment 
Municipal Engineering 
Industrial Buildings 


3142 Wilshire Bivd., Los Angeles 5, Calif. 
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ROBERT W. HUNT co. 


Inspection Engineers 
(Established 1888) 
Inspection and Test at Point 
of Origin of Pumps, Tanks, 

uit, Pipe and Accessories 
175 W. Jackson Bivd. 
Chicago 4, Ill. 
and Principal Mfg. Centers 


LEGGETTE & BRASHEARS 
Consulting Ground Water Geologists 


Salt Water Problems 
Investigations 
Reports 


New York 17, N. Y. 


Water Supply 
Dewatering 
Recharging 


551 Fifth Avenue 


THE JENNINGS-LAWRENCE CO. 
Civil & Municipal Engineers 
Consultants 


Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design Construction 
1392 King Avenue Columbus 12, Ohio 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse 
and Industrial Wastes Problems 


- 
Airfields Valuations 
Laboratory 
Boston 16 
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THE H. C. NUTTING COMPANY 


Engineers Chemists 


Investigations — Reports 
Water Sewage 

— Foundations — Building Materials 
Inspection — Testing 


4120 Airport Rd. Cincinnati 26, Ohio 
2145 N. W. 2nd Ave. Miami 37, Fla. 


LEE T. PURCELL 


Consulting Engineer 


Water Supply & Purification ; Sewerage & Sew- 
age Disposal ; Industrial Wastes ; Investigations 
& Reports; Design ; Supervision 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


PACIFIC ENGINEERING 
LABORATORY 


Chemica! and Biological Laboratory 
Analyses and Investigations 


604 Mission Sc. San Francisco 5 


THOMAS M. RIDDICK 


Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 


New York 55, N.Y. 


369 B. 149th Se. 
Haven 5-2424 


PARSONS, BRINCKERHOFF, 
HALL & MACDONALD 
G. Gale Dixon, Associate 
Wellington Donaldson, Staff Consultant 
Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures — Power — Transportation 
51 Broadway New York 6, N.Y. 


RIPPLE & HOWE 
Consulting Engineers 
O. J. V. A. Vaseen B. V. Howe 
Appraisals — Reports 
Design Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-—23rd St., Denver 5, Colo. 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 


Ernest W. Warriock 
Ropert D. Cart A. ARENANDER 
Prente, Jr. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd St. New York 36, N. Y. 


NICHOLAS A. ROSE 
Consulting Ground Water Geologist 
Investigations 
Reports 
Advisory Service 


2419 Fannin Houston 2, Texas 


THE PITOMETER 
ASSOCIATES, INC. 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 
Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


RUSSELL & AXON 


Consulting Engineers 


Civil Sanitary —Structural 
Industrial — Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 
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PROFESSIONAL SERVICES 


Vol. 47, No.5 


Professional Seruices 


SPECIFICATIONS 


for Water Works Materials 
Compiled, approved and published by 


your Association to meet your needs. 
Send for list of publications. 
American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 


J. STEPHEN WATKINS 
J. 8. Watkins G. R. Watkins 
Consulting Engineers 


Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reporta, 
Investigations and Rate Structures. 


251 East High Street Lexington, Kentucky 
Branch Office 
901 Hoffman Building Louisville, Kentucky 


J. E. SIRRINE COMPANY 


Engineers 


Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 


Greenville South Carolina 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Wastes Treatment. 
Reports, Designs, Supervision of Construe- 
tion and Operation; Valuations. 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


SMITH AND GILLESPIE 


Consulting Engineers 


MUNICIPAL UTILITIES 
AND PUBLIC WORKS 


Complete Engineering Services 


JACKSONVILLE, FLORIDA 


WHITMAN & HOWARD 


Engineers 
(Est. 1869) 


Investigations, Designs, Estimates, 
Reports and Supervision, Valuations, 
etc., in all Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


STANLEY ENGINEERING 
COMPANY 
Consulting Engineers 


327 S. LaSalle Street Hershey Building 
Chicago 4, Illinois Muscatine, Iowa 


WHITMAN, REQUARDT 
& ASSOCIATES 


Engineers Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans 
Supervision, Appraisals 
1304 St. Paul St. Baltimore 2, Md. 


ALDEN E. STILSON & ASSOCIATES 
(Limited) 
Consulting Engineers 
Water Supply —Sewerage — Waste Disposal 
Bridges —Highways—Industrial Buildings 
Studies —Surveys— Reports 


209 S. High St. Columbus, Ohio 


WILLING WATER 
Public Relations Consultant 
Willing Water cartoons available in low-cost 
blocked electrotypes and newspaper mats for 
use in building public and personnel good will. 
Send for catalog and price list 
521 Fifth Avenue New York 17, N.Y. 
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CLEVELAND Chooses 


Cleveland 
Sewage Treatment Piant. 


Havens and Emerson, 
Consulting Engineers. 


W. E. Gerdel, 


18 power driven chain and scraper skimmers. 


OVER 2500 REX CONVEYOR 


SLUDGE COLLECTORS IN ion 
OVER 750 CITIES AND INDUSTRIES... wn 


tonks 
x 126’ long. 


WHAT BETTER PROOF OF REX SUPERIORITY? 


Yes, over 750 cities and industries rely on Rex® Conveyor Sludge Col- 
lectors for efficient, dependable and economical operation. These precision- 
engineered sludge collectors are applicable for all types of sludge-handling 
or surface-skimming conditions in either sewage, water or industrial waste 
treatment application...no application is too large or too small...and each 
receives the full benefit of Rex Engineering. 

Here are some of the outmnading time-proven features of Rex Sludge 
Collectors. 


@ Balanced Equipment Design—design pro- 
portionate throughout. 

@ Rex Z-Metal Chain and Attachments—cor- 
rosion and wear resistant. 


@ Self-Aligning Bearings—easy to install. 
Compensate for tank irregularities... pre- 
vent accumulation of settled solids. 

@ Offset Split Drive Sprockets—eliminate 
ony cantilevered brackets. Easy to re- 
place. 


@ Centralized, Hardened Wearing Shoes— 
eliminate splitting strains on wooden 


MAKE SURE YOU WILL BE THE NEXT ONE to profit from Rex Design and Rex 


scraper flights. Means longer life, lower 
maintenance. 


@Double-Life Sprockets—chain engages 
only every other sprocket tooth. 


@ Drive Unit—compact, totally enclosed. 
Shear pin protection. Jaw clutches pro- 
vided where independent operation is re- 
quired. 


@ Sub-Assemblies—shop assembly of drive 


units and shaft assemblies assure proper 
alignment and fit. 


Quality. 


Get all the facts on Rex Conrgres Sludge Collectors. Call your nearest Rex Sanitation 
ngineer or write for Bulletin 49-9, Chain Belt Company, 
4609 


W. Greenfield Ave., Milwaukee 1, Wisconsin. 


d CHAIRS! BELT COMPANY 


District Sales Offices in all principal cities 
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CONDENSATION 


Condensation 


Vol. 47,No.5 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May °47) indicates 
volume 39, page 473, issue dated May 1947. 


If the pub- 


lication is paged by the issue, 39:5:1 (May ’47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviaticns following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr—Corrosion; IM—lInstitute of Metals (Great Britain); PHEA 
—Public Health Engineering Abstracts; SIW—Sewage and Industrial Wastes; WPA— 


Water Pollution Abstracts (Great Britain). 


FLUORIDATION 


Fluoride and Nonfluoride Enamel Opaci- 
ties. E. R. Zimmerman. Public Health 
Rpts., 69:1115 (’54). Continuous resident, 
white children, 12-14 yr old, examined in 
Aurora, Ill. (water, 1.2 ppm F), and in two 
Maryland counties (0.2 ppm F) for dental 
caries experience and fluorosis. Illinois chil- 
dren had DMF (decayed, missing, or filled 
permanent teeth) rate of 2.9 and fluorosis 
index of 0.32; Maryland children had DMF 
rate of 6.4 and no fluorosis was observed. 
Two kinds of enamel opacities were seen: 
those frequently accompanying fluoride in- 
gestion (positive and questionable fluorosis) 
and those of unknown or unassociated etiol- 
ogy (idiopathic and nonfluoride). First kind 
of opacity, observed only in Aurora, had 
affected 43% of study group (17% were 
“very mild” or “mild” and 26% “question- 
ably” fluorosed). Second kind of opacity 
observed in 9% of Aurora children and in 
36% of Maryland group. Differentiation 
between questionably fluorosed and _ idio- 
pathic opacities was accomplished by obser- 
vation of physical appearance in 94%, and 
by attention to pattern and frequency in 
remainder.—PHEA 


A Waterborne Caries-Protective Agent 
Other Than Fluorine. P. Apier «& J. 
Srraus. Acta Med. Acad. Sci. Hung., 4: 
3-4:221 (’53). Gyoma and Devavanya, two 
small towns in Hungary, about 15 km apart. 
Anal. of drinking water from several wells 
at Gyoma yielded results indicating fluorine 
content ranging from 0.320 to 0.755 ppm, and 
avg fluorine intake in 1 1 of water, about 
0.56 ppm. At age of 14, avg DMF figure 
per child examd. was 1.48. At Devavanya, 
fluorine content found to range from 0.081 
to 0.840 ppm, with average fluorine intake 
(excluding figures for 1 exceptional well) 
per child of about 0.30 ppm. At age 14, 


avg DMF figure per child examd. was only 
0.85. Low incidence of dental caries in 
Devavanya was not due to increased uptake 
of fluorine from domestic waters by enamel 
in posteruptive stage. Dietary habits, social 
and economic status, and racial characteris- 
tics of two populations appeared to be same, 
so it is postulated Devavanya drinking water 
contains some trace element, other than fluo- 
rine, which exerts caries-inhibitory effect. 
Nothing, however, is known regarding its 
nature.—BH 


Waterborne Fluorides and Mortality. T. 
L. HaGan, M. Pasternack & G. C. Scuotz. 
Public Health Rpts., 69:5 :450 (’54). Report 
presents analysis of mortality from all causes 
and from five selected causes—heart disease, 
cancer, intracranial lesions, nephritis, and 
cirrhosis of liver—in 64 cities in 16 states, 
and compares rates in those cities in which 
water analyses show fluoride content to be 
0.25 ppm or less with those cities where 
fluoride content is 0.70 ppm or more. Data 
show no statistically signif. difference be- 
tween mortality rates of fluoride and non- 


fluoride cities for any of the causes studied. 
—BH 


Fluoridation of Domestic Water Supplies 


in the Control of Dental Caries. H. H. 
Stones. Brit. Dental J., 96:8:173 (’54). 
First half is factual account of occurrence 
of endemic dental fluorosis, its relation to 
caries incidence, and controlled fluoridation 
of water supplies in North America. Second 
part is more interesting, deals with fluoride 
in foods, influence of temperature on intake 
of fluoride, administration of fluoride in other 
media, mechanism of dental caries, and 
urinary excretion of fluoride. Refers to 
Galagan’s comparison between Arizona, mean 
annual temperature of 70°F, and area round 
Chicago with mean annual temperature of 
50°F, and his conclusion that, with mean 
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temperature of 70°F, children consume twice 
as much water as those living where mean 
temperature is 50°F. For the latter tem- 
perature, optimum concentration fluoride is 
1.2 ppm; for 70°F, 0.6 ppm. Administration 
of fluoride in tablet form or by addition to 
milk or other foods, such as salt, is consid- 
ered but not recommended. An abnormally 
high amount of fluoride may be absorbed 
as result of dust inhalation and may produce 
ossifying spondylitis. Several reports have 
come from India on the occurrence of sys- 
temic fluorosis, but there is reason to think 
nutritional deficiencies there may help aggra- 
vate effect of fluoride. Paper ends with 
discussion of level at which storage in bones 
takes place and belief that storage does not 
produce physiologically undesirable effects. 
H 


A Toxic Effect of Fluoride. L. M. Carr. 
Nature (Br.), 174:884 (’54). Three rats 
fed on semisynthetic diet with vitamin sup- 
plements, while 3 other rats received same 


diet, including vitamins, plus 80 ppm fluo- 
ride in drinking water. At end of 3 wk no 
change in weights or appearances of animals 
was observed. In order to aid onset of 
biotin deficiency, diets were modified to in- 
clude 16% raw egg white. At beginning 
of period during which diet was used, avg 
weights of 3 rats of control and exptl. groups 
were 204 and 178 g, respectively. After 16 
days, avg weights were 196 and 125 g. 
Fur of exptl. animals was bristled and rough, 
and there was alopecia of snout, head, and 
legs, mild diffuse dermatitis, and mild “spec- 
tacle eye.” Control animals showed no 
symptoms. Other expts. showed that: [1] 
120 ppm fluorine in drinking water did not 
affect growth of rats during 7-week period 
when natural stock diet was given; and [2] 
if egg white was excluded from diet shortly 
after loss of weight began, there was no 
further loss of weight even though fluoride 
supplements were continued. In second set 
of expts. large amounts of fluoride ingested 
orally found not to affect severity of ribo- 
flavin deficiency —BH 
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performance day after day. 
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Fluorine and General Health. V. Demore 
& A. J. Heo. Schweiz. Med. Wochschr. 
(Swiss), 83:362 (’53). Study of relation 
of fluoridated water and general health of 
population of Sembrancher. General neuro- 
logical, endocrinological, dermatological, and 
dental examns. showed regular and con- 
tinued absorption over several generations 
of potable water contg. 10-14 mg F/I. 
Both children and adults show remarkable 
resistance to dental caries. Recent immi- 
grants showed no ill effects from consump- 
tion of this strength of fluoridated water. 
—PHEA 


CHEMICAL FEEDING, 
CONDITIONING, AND 
SEDIMENTATION 


Zeolite-Column Calculations. E. Jimeno «& 
A. L. Ruiz. Anales Real Soc. Espan. Fis. 
y Quim. (Sp.), 50B:195 (’54). Calcens. 
given to facilitate design of industrial sof- 
tening plants. Two synthetic exchangers, 
one unidentified and other Zeo-Per, used for 
the exptl. work. Exchange columns with 
beds 81 cm deep were set up with taps at 
varying heights. Vol. of water softened at 
different bed heights was detd. and plotted 
against bed height, yielding a straightline 
curve. Line was extended to meet ordinate 
at zero capacity and bed height thus detd. 
was called “dead height.” Empirical formula 
was set up: V/10= (H — D)C +X, where 
V = vol. of water obtained of zero hardness, 
H = height of column, D = dead height, C 
=capac. of column in degrees of hardness 
per cm of column, and X = capac. of dead 
height in degrees of hardness. By detg. V 
at 2 different H values and solving simul- 
taneous equations, values for C and X were 
obtained. Addnl. data, including regenera- 
tion levels, effects of increasing hardness and 
alk. salts, veloc. of flow, and height of bed 
given for Zeo-Per. Finally, graph, set up 
with 6 ordinates, is shown with which dimen- 
sions of industrial softener can be computed 
from basic data of exchange capac. and 
required yield in cum/hr.—CA 


Visual Method for Determination of Sus- 
pended Matter in Water. K. H. Roccen- 
KAMP. Gas- u. Wasserfach (Ger.), 95:450 
(54). Membrane-filter app. of Beger has 
been redesigned in more sturdy form. Mem- 


brane (such as Coli 5) is supported on 
fritted glass filter plate in holder with screw 
joints. One |. of water is used if there is 
little suspended matter, 100 cc being sufficient 
for strongly contaminated water. In other 
methods, time of water flow and pressure (or 
suction) is kept const., giving logarithmic 
scale of visible impurities, or rate of flow of 
distd. water is detd. for standard conditions 
and compared with that of water under test. 
Membrane-filter method is especially useful 
for detg. flocculated Fe and Mn compds.— 
CA 


Practical Performance of Water-Condi- 
tioning Gadgets. B. Q. Wexper « E. P. 
Partrivce. Ind. Eng. Chem., 46:954 (’54). 
Presents observations of 7 water-conditioning 
gadgets in actual plant operations which 
show that these special devices, either with 
or without external elec. circuits, do not 
prevent scale, corrosion, or other troubles 
encountered in industrial use of water. 
Methods used to promote sale and use of 
gadgets are discussed, and references de- 
scribing various units which have appeared 
on market since 1865 are given —CA 


Obtaining a Coagulant by Attack of Sul- 


furic Acid on Meta-Aluminate. L. B. pe 
E. Catarano & A. F. SEGura. 
Rev. Obras Sanit. Nacién (Argentina), 17: 
353 (’53). By using quantities of H:SO, 
below that necessary to form neutral salt 
with native meta-aluminate, coagulant ob- 
tained compares favorably with that obtained 
by . -idifying bauxite. Cost is less because 
of native origin and also because only 4 as 
much acid is required as with bauxite. Re- 
sults of comparative tests show that smaller 
dose of meta-aluminate is needed. In the 
resulting treated water, pH is 0.2-0.3 higher ; 
less alkali required for pH control of finished 
water.—C A 


Continuous Ion Exchange. I. Purification 
of Water by Electrolytic Ion Exchange. 
Y. Kosaka & A. Sato. J. Chem. Soc. Japan, 
Ind. Chem. Sect., 55:628 (’52). Water to 
be purified is continuously flown through 
column of cation exchanger followed by 
anion exchanger. Two columns are sepd. 
by cotton cloth, and voltage is applied from 
outside by Pt electrodes. Method is superior 
in continuity and saving of exchangers. 


(Continued on page 68) 


“O” Rings replace conventional packing and re- 
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dirt seal. The specially compounded rubber plas- 
tic “O” Rings do not deteriorate and insure a 
long life pressure seal. 


All Smith Valves can be equipped with “O” Ring 
Seal Plates. Write for details. 


Ts 


")\) THE A.P. SMITH MFG. CO. 


EAST ORANGE. NEW JERSEY 


May 1955 JOURNAL AWWA P&R 67 2 
CING CO 
Al 30'RING PRE 
4 
WITH “O” RING SEAL | 


CONDENSATION 


Vol. 47, No.5 


(Continued from page 66) 


Strongly acidic and strongly basic resins are 
favorable. Applied voltage > 150 v is ade- 
quate-—-CA 


Mineral-free Water at Low Cost. Anon. 
Factory Management & Maintenance 112: 
128 (’54). To obtain water free of sus- 
pended or dissolved solids (used for phos- 
phor coating the face of television tubes) 
for 4¢/gal, treat city water (contg. approx. 
100 ppm total solids as CaCO;) with small 
concn. of alum and NaOH, forming gel 
that coagulates fine suspended solid matter, 
filter through 2 sets of sand filters and C 
filter, and pass through mixed-bed deioniz- 
ing unit and through solids trap. Check 
qual, by conductivity meter, 2.5 megohms- 
cm resistance satisfactory. After cation and 
anion resins have absorbed as much mineral 
impurities as possible, regenerate them suc- 
cessively by backwashing, treating with 
NaOH and dil. H2SO,, rinsing with water, 
and agitating in air to mix cation and anion 


resins; this restores them to their original 
condition.—C A 


Augmentation of Water Treatment 
Works. W.L.Hurp. Commonwealth Eng. 
(Australia), 41:231 (’54). New flocculation 
tank and sedimentation basin described, for- 
mer concentrically located within latter. 
Novel features are gridded false floor be- 
tween tank and basin to assist in preventing 
boiling up of settling flock and 88 4-in. con- 
ducting tubes to deliver flocculated water 
from tank, well down into sludge region of 
basin.—C A 


Stability of Lead in Water. L. Y. Su- 
SHINSKAYA. Gigiena i Sanit. (USSR), No. 
8, p. 49 (’53). Best absorbent for dissolved 
Pb in water (Pb(Nos)s in aq. soln.) found 
to be clay. Pb solns. completely stable in 
neutral or acid solns., but in alk. soln. (pH 
8.4) Pb content gradually ppts. on standing 
in contact with air. For removal from in- 


(Continued on page 70) 
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Photo on left shows a 
typical H & T fully auto- 
matic, municipal, zeolite 
water softening plant 
producing clear, iron 
free, soft water. 


Operation of this auto- 
matic water treatment 
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WASHINGTON, D.C. 


Concrete 
Pressure Pipe 


The District of Columbia, home 
of the Nation’s capitol, recog- 
nizes the advantages of con- 
crete pressure pipe. From 1925 
to the present, over 175,000 feet 
of concrete pressure pipe have 
been installed in this congested 
69 square mile area. Pipe diam- 
eters range from 20” to 78”, with 
heads from 70 up to 450 feet. A 
substantial part of this footage 
is in use in the Washington, D.C. 
distribution system. 
Washington engineers con- 
sider economy and length of 


Member companies are 
to 4, 


4 


and furnish concrete 
pressure pipe in 
accordance with 
established national 
specifications and 
standards, 


service of primary importance 
when specifying water pipe... 
also, high carrying capacity, and 
ease of installation. Because 
concrete pressure pipe meets 
these and other exacting re- 
quirements, it has been selected 
time and again for new supply 
mains and extensions to the dis- 
tribution lines. 

If your community is plan- 
ning additional water lines, or 
replacements for old lines, 
check into the advantages of 
concrete pressure pipe. It is 
available in diameters from 12” 
to over 12’, for high or low heads, 
and can be installed to fit your 
individual requirements. 


AMERICAN CONCRETE 
PRESSURE PIPE 
ASSOCIATION 
228 North LaSalle Street 
Chicago 1, IIlinois 
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dustrial liquors, alk. soln. in combination 
with clay adsorbent is recommended.—C A 


Wherever Steam and Water Flow... 
Remove Scale With Chemicals. J. P. 
Warren. Southern Power & Ind. 72:5: 
70 ('54). Low-pressure boilers are used as 
evaporators, with all treated water and some 
contamd. condensate which is used in boilers 
operating at 1,250 psi, 900°F. Chem. clean- 
ing is used for these low-pressure boilers. 
Acid cleaning is also used for superheater 
elements, and all new boilers are cleaned of 
grease and mill scale, acidized, and boiled 
out. New boiler units are so designed that 
economizers can only be acid cleaned. 
Chem. cleaning used for water jackets on 
air compressors. Inhibitors used in acid 
cleaning leave all metal surfaces in satis- 
factory condition and with no evidence of 
metal removal or attack. Oil coolers are 
cleaned on both oil and water sides. Accu- 
mulations are removed from anthracite filter 
beds of hot-process water-treating plants. 
Pipelines carrying salt water are also cleaned 
satisfactorily. Where power plants or other 
equipment is to be acid cleaned regularly, 
it is economical to install permanent piping 
for this purpose.—C A 


Chemical Purification of Boiler Feedwa- 
ter for the Steam Power Plant at AB 
Kaukas Fabrik. H. Torrerman. Finska 
Kemistsamfundets Medd. (Finland), 62:65 
('53). Makeup water problems at new 
steam plant at Kaukas, Finland, are unique 
in some respects. Equipped with 2 boil- 
ers operating at 900 psi and 500°, and 
with max. evaporative capac. of 42 tons/hr, 
it was designed primarily for providing proc- 
ess steam, and makeup often reaches 50%. 
Raw lake supply quality (winter and sum- 
mer, resp.) in ppm: total solids, 39.0-82.0; 
loss on ignition, 18.0-30.6; KMnO, demand, 
43.0-159.3; color, (Pt-Co) 40°-55°; pH, 
7.1-6.7; hardness (German degrees, CaO/ 
100,000), 0.8°-1.32°. Removal of org. matter 
which would normally be easily flocculated 
with alum is complicated by sulfite mill 
waste that acts as protective colloid. Ex- 
haustive flocculation research with various 
Fe and Al salts proved that under local 
conditions FeSO,-Cl-7H,O was superior to 
all other coagulants. Its larger and heavier 
floc provides effective org. matter removal 
even with winter waters near 0°. Feed is 


regulated to run parallel with KMnO, con- 
sumption. Under typical winter conditions 
with water temp. at 10°, water of 64.5 ppm 
KMnO, demand, hardness 0.88°, color 40° 
and pH 6.70 was treated with 175 g FeSO, 
‘Cl-7H,O/cum and softened with ion ex- 
change to yield water of 13.9 KMnO, de- 
mand, hardness of 0.13°, color of 10° and 
pH of 6.75, acceptable in every way for high- 
pressure boiler demands.—C A 


The Removal of Fluoride From Water: 
Rapid Removal of Fluoride With Mag- 
nesium Oxide. P. VeNKATESWARLU & D. 
N. Rao. Indian J. Med. Research, 41:473 
(53). F content of water contg. 5-20 ppm 
F rapidly reduced to less than 1.0 ppm by 
boiling with 5.0 g/l MgO, followed by stir- 
ring. MgO contg. adsorbed F can be ignited 
and reused limited no. of times. CaCOs, 
MgCOs, and CaO investigated for F re- 
moval, but found not satisfactory for treating 
drinking water —CA 


Nomograph Gives Settling Rates for 
Spherical Particles. G. M. Macuwart & 
R. J. Barrp, Chem. Eng., 60:12:176 (’53). 
By means of nomograph, based on Stoke’s 
law, rate of sedimentation of colloidal par- 
ticles can be determined. Terminal velocity 
of particle is obtained from difference in 
density between particle and fluid, diameter 
of particle, and viscosity of fluid—WPA 


SWIMMING POOLS 


Studies of Bathing Water Quality and 
Health. A. H. Stevenson. Am. J. Public 
Health, 43:529 (’53). Report given on meth- 
ods used and results obtained in series of 
3 studies of illness occurrence among groups 
doing observed amounts of swimming in wa- 
ters of different bact. qual. Studies made 
on great lake, inland river and pool, and 
tidal water. Differences in swimming ex- 
perience and illness incidence among various 
age groups are shown. Increase in illness 
incidence with increased swimming experi- 
ence is demonstrated. Correlation between 
illness incidence and bact. qual. of natural 
bathing water was observed in 2 instances, 
although results cannot be taken as conclu- 
sive. Observation is made that some of strict- 
est bact. qual. requirements for natural bath- 
ing water now existent might be relaxed 


(Continued on page 74) 
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what have 


The Golapagos Turtle (or Tortoise) is on 
inhabitant of the tropics. 

ft often has a life span of 150 years and 
weighs up to 500 pounds. Once numerous, 
its ranks became decimated when man 
discovered it could live for months without 
food—making it a good source of fresh 
meat for sailing vessels, especially 
whaling ships. 


This cast iron water main laid ih 1835 by 
the Bureau of Water of Loncoster is still 
functioning ofter 119 years of service. 
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THE TURTLE 
AND CAST IRON PIPE... LONG LIFE! 


The Galapagos Turtle frequently lives to be over 100... an 
outstanding example of longevity in the animal kingdom. In our everyday 
world, CAST IRON PIPE lives . . . and serves . . . for centuries, 


TODAY. @ modernized cast iron pipe, centrifugally cast, 

is even tougher, stronger, more uniform. Where needed and specified, it is centrifugally 
lined with cement mortar to assure sustained carrying capacity throughout 

its long years of service. 

On its record, CAST IRON PIPE is the world’s most dependable carrier of water. 
Cast Iron Pipe Research Association, Thos, F. Wolfe, Managing Director, 

122 So. Michigan Avenue, Chicago 3, Ill. 
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without signif. detrimental effect on health 
of bather—PHEA 


High Free Residual Chlorine in Swim- 
ing Pool Water. E. W. Moon « E. D. Ros- 
inton. Ind. Eng. Chem., 45:2574 ('53). 
High free residual chlorination effected low 
bact. count in both indoor and outdoor pool 
and was superior to marginal chlorination. 
High free residual chlorination kept water 
free of coliform bacteria while used by 
bathers. Small numbers of several common 
bacteria survived this treatment for at least 
limited time.—C A 


The Sanitary Quality of the Water of 
Open-Air Baths. K. Haack & H. Hecer 
Z. Hyg. u. Infektionskr. (Ger.), 140:3:294 
('54). Description and discussion of con- 
siderable length of results of chem. and bact. 
anal. of the waters of bathing places in 
rivers, lakes, ponds, and water in artificially 
constructed baths. General conclusion is 
that neither formulas based on analytical re- 


sults nor setting up of limiting values for 
chem. constituents or bact. counts are of 
value in the judgment of hygienic quality. 
General opinion on quality of water can be 
formed by taking into account phys., chem., 
bact. and biol. characters of water and asso- 
ciating these with findings of careful inspec- 
tion of bathing place and its locality—BH 


Human Leptospirosis Associated With a 
Swimming Pool, Diagnosed After Eleven 
Years. T. A. Cockpurn et at. Am. J. 
Hyg., 60:1 ('54). Disease of unknown etiol- 
ogy locally known as “Wycon” fever oc- 
curred in epidemic proportions in towns of 
Jackson, Wyo. and Ucon, Idaho, during 
August '42. Epidemiological and serological 
investigations were conducted in °53. Col- 
lective data resulted in diagnosis of lepto- 
spirosis, with Leptospira canicola listed as 
probable causative agent. Infection was con- 
tracted at swimming pool at Granite Springs, 
Jackson Hole, Wyo. Clinical symptoms, 
lab. results, and epidemiological situation are 
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Depend on Cyanamid’s ALUM 
for good reasons 


1. It feeds uniformly, without trouble, in solid or liquid form. 
2. It has a wide pH range for effective coagulation. 


3. It forms floc rapidly. 


4. It gives maximum adsorption of suspended and colloidal impurities. 


5. It causes minimum corrosion of 
6. It is available in granular form 


feeding equipment. 
or in the new easy-to-use liquid form. 


For a copy of ‘‘Alum—Commercial Aluminum Sulfate,’’ please send us your name and 
title on company stationery — and would you also mention where you saw this offer? 
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Electrolytic corrosion is the malignant 
destroyer of buried or submerged me- 
tallic structures and pipelines. Unlike 
the dreaded human malady, it can be 


cured! That’s our business. We are 
“Doctors for Metals” . . . specialists 
who can prevent or cure electrolytic 
corrosion quickly and economically. In 
fact, the cost of a HARCO cathodic 
protection system can be reclaimed 
within a few months... through sav- 
ings in normal maintenance and re- 
placement costs. 


HARCO supplies a complete range of serv- 
ices. Whatever your needs . . . job-engineered 
systems, contract installations or cathodic 
protection materials .. . 
look to HARCO, first in 
the field of cathodic 
protection, Write today 


for 


MOntrose 2-2080. 


THE HARCO CORPORATION 
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presented. High level of infection with 
L. canicola of animal population of area is 
suggested—PHEA 


The Choice of an Indicator Organism for 
the Bacteriological Control of Swimming 
Bath Purification. R. D. Gray. Monthly 
Bul. Ministry of Health & Public Health 
Lab. Service (Br.), 12:124 (53). Coliform 
test is widely accepted for assessing potabil- 
ity of water and use of Esch. coli as indi- 
cator organism to assess effectiveness of 
purif. is well established. Water of swim- 
ming pool, however, is exposed to contamn. 
not only from intestine but also from mucous 
surfaces (such as nasopharynx) and from 
body surface itself. There have been con- 
flicting opinions on most suitable organism 
to use as indicator for bact. control of swim- 
ming pool purif., and it was decided to under- 
take investigation. This study was limited 
to pools in which process of continuous cir- 
culation, filtration, and chlorination was in 
operation so that there could be no doubt of 
efficiency of purif. process. Samples were 
examined for presence of coliform organisms, 
hemolytic streptococci, staphylococci, Neis- 
seria catarrhalis, and also for general bact. 
cleanliness by means of plate count. Free 
and total residual chlorine contents and pH 
of water were measured at time of sampling. 
As preliminary expt. and in order to appre- 
ciate degree of bact. polln. in bath, examns. 
were made of water from one swimming pool 
after 74 male bathers had been in water dur- 
ing previous 2 hr water being circulated and 
filtered but not chlorinated. Considerable 
numbers of bacteria of all types were present, 
as shown by plate counts at 37°C and 22°C. 
Conventional bact. indicators of intestinal 
poln. were present, but only in small numbers. 
Staphylococci were numerous and Neisseria 
catarrhalis was very numerous, many organ- 
isms being present in 0.5 ml of sample. 
Then 178 samples (72 from inlets and 106 
from outlets of baths) were collected from 
37 pools in 5 localities and examd. at nearby 
labs. in Birkenhead, Conway, London, Man- 
chester and Oxford. Coliform organisms and 
Neisseria catarrhalis were seldom isolated 
from samples in which free residual chlorine 
exceeded 0.1 ppm. Alpha-haemolytic strep- 
tococci and staphylococci were too resistant 
to chlorination to be of much service as in- 
dicator organisms. Plate counts in nutrient 


agar at 37°C and 22°C showed close correla- 
tion with levels of free-residual chlorine. 
Of 138 samples in which free-residual chlo- 
rine exceeded 0.1 ppm, plate count at 37°C 
did not exceed 10 colonies/ml in 76.1% or 
100 colonies/ml in 95.7%. Corresponding 
percentages for plate counts at 22°C were 
79.0 and 93.5. Swimming loads appeared to 
have little effect in increasing bact. poln. 
of water and on occasions when paired sam- 
ples were taken from inlet and outlet of 
bath, there was no appreciable difference in 
bact. qual. of 2 samples. As recommended 
std. for swimming pool water, it is suggested 
that no sample examined from pool should 
contain any coliform organisms in 100 ml of 
water; and that in 75% of samples examd. 
from that bath, plate count at 37°C from 
1 ml of water should not exceed 10 colonies, 
and in remainder should not exceed 100 col- 
onies. It is possible to maintain pool water 
at this standard with free-residual chlorine 
as low as 0.1 ppm, but this level allows no 
margin of safety and is in practice difficult 
to maintain. Level of 0.2-0.5 ppm recom- 
mended by the Ministry of Health should 
maintain swimming pool water in a bact. 
satisfactory condition provided chlorine is 
present as free-residual chlorine —-PHEA 


Water Quality of Swimming Places. A 
Review. E. L. Lenr & C. C. JoHnson Jr. 


Pub. Health Rpts., 69:8:742 (’54). In ’49, 
joint committee on bathing places of Confer- 
ence of State San. Engrs. and Am. Public 
Health Assn. recommended certain stds. of 
water qual. for swimming pools: [1] resid- 
ual chlorine, free available chlorine 0.4-0.6 
ppm or combined available chlorine (chlor- 
amine) 0.7-1.0 ppm; [2] pH of pool should 
never be less than 7.0; [3] not more than 
15% of samples covering any considerable 
period of time should have plate counts on 
std. nutrient agar after 24 hr incubation at 
37°C. of more than 200 colonies/ml; and 
[4] coliform test should be negative in all 
of 5 10-ml portions of water set up from 
sample collected at time pool is in use. 
Committee emphasized that final classifica- 
tion of water in natural bathing places should 
depend largely upon sanitary survey infor- 
mation and that results of bact. anal. should 
be used only as guide. Without placing too 
much emphasis upon bact. std. of safety, 
committee concluded waters with coliform 
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Will not “freeze” from corrosion— 
Corrosion can’t hinder aperation. Disc edges 
are chrome plated or stainless steel and 
close into a thick rubber seat. These fea- 
tures plus self lubricated bearings and stain- 
less steel shafting make it impossible for 
valves to “corrode tight” either open or shut. 


Full 90° closure into Rubber Seat— 
The disc is slightly larger than the inside of 
the rubber seat and thus actually displaces 
the rubber when closed. The ratio of seat 
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Valves...drop tight! 


HERE’S WHY 
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RUBBER SEAT 
NON-CORROSIVE SCREWS 
CAST KEEPER SEGMENTS 


thickness to disc indentation insures drop- 
tight shut off and avoids permanent set. 
The seats are secured in the valve body by 
removable keeper segments. 


Saves space. Even these high pressure 
valves are compact, easy to install, and 
require little head room. Available from 
10” to 72” diameter in either cast iron or 
fabricated steel. A variety of operator 
types can be supplied. 


SEE US AT THE A.W.W.A. CONVENTION IN CHICAGO 
JUNE 12 THROUGH 17, 1955. BOOTHS 52 AND 53 


PRATT Butterfly Valves 


Henry Pratt Company, 2222 S. Halsted St., Chicago 8, Ill. Representatives in principal cities 


ME 


counts less than 1,000/100 ml would be ac- 
ceptable for bathing unless sanitary survey 
should disclose immediate dangers from hu- 
man sewage. TVA has classified bathing 
waters according to bact. qual. but only in 
conjunction with sanitary surveys. Waters 
with coliform counts of 0-50/100 ml in ab- 
sence of adverse sanitary survey can be 
accepted for bathing areas without question. 
Second group with counts of 51-500 is inter- 
preted by TVA as state of contamn. presum- 
ably normal for inland streams which are 
free from sewage poln., but subject to sur- 
face washings. It is recommended that bath- 
ing be permitted in such areas in absence 
of adverse sanitary surveys. Counts of 501- 
1,000 indicate waters of suspicious qual., 
which are dangerous if in proximity to fresh 
sewage poln., but which might be considered 
satisfactory if careful sanitary survey fails 
to reveal any unfavorable conditions. Wa- 
ters with coliform counts above 1,000/100 ml 
should not be selected for swimming without 
sanitary surveys disclosing origin of high 
count and establishing it is not due to fresh 
sewage contamn. Question often arises as 
to why variance should be so wide between 
water qual. stds. for artificial pools and 
those for natural bathing areas. This is 
generally explained by recognition of differ- 
ence in signif. given to presence of coliform 
organisms in natural waters and those in 
artificial pools. Water used to fill swimming 
pools is free from coliform organisms in 
most instances, that is to say, is from mains 
of local drinking water supply. Therefore, 
presence of intestinal organisms in samples 
from these pools must be regarded as of 
recent human origin and of dangerous signif. 
On other hand, coliform organisms in natural 
waters may be of animal origin or from soil 
washings and thus be of relatively less epide- 
miological signif. As yet no substitute for 
coliform group as an indicator of poln. in 
bathing water has received general approval, 
but consensus of opinion is still that one is 
needed. Chlorine is most widely used disin- 
fectant but bromine is increasing in popu- 
larity and about 1,000 pools in Southern 
California are using bromine as disinfectant 
of choice. Diatomite filters are gaining in 


popularity but there are those who feel that 
these filters have yet to pass test of time 
before they can be considered as good as or 
superior to rapid sand or pressure filters in 
swimming bath purif—BH 


CONDENSATION 


Vol. 47,No.5 


(Continued from page 76) 


BOILERS AND FEEDWATER 


Prevention of Corrosion of Boiler Pre- 
heaters. I. B. Varavitsxu, E. S. IvANov & 
L. B. Krov. Elek. Stantsii,23:10:6 (’52). In 
high-pressure boiler installations, preheating 
primary air with steam from 40-45° to 85- 
87° eliminates condensation of flue-gas mois- 
ture and prevents corrosion of preheater 
tubes and clogging with ash—CA 


Corrosion in the Boiler. R. F. Awnores. 
Ind. Eng. Chem., 46:990 ('54). Resume of 
recent theories and practices in the chem. 
treatment of boiler water for corrosion con- 
trol is presented. Corrosion of Fe, Cu, and 
Ni are reduced by elevation of feed-water 
pH values to 9.0 by addn. of NHs or amines. 
Pitting, caused by dissolved O, is controlled 
by use of NaeSOs in alk. feed water. 
NH:NH:-H.0 has been proposed since it is 
capable of elevating pH of feed water and 
removing dissolved O. Control of Mg and 
Cu deposits and of caustic embrittlement are 
mentioned.—C A 


Conditions Governing the Absence of Free 
Carbonic Acid in Feedwater. I. K. 
GrisHuk. Elek. Stantsii, 25:5:6 ('54). If 
feed water to be deaerated contains < 0,07- 
0.11 mg-equiv./1 of NaHCOs, it is impossi- 
ble to remove free H.CO; in thermal de- 
aerator. If bicarbonate alky. is over 0.3 
mg-equiv./l, initial content of free HzCOs 
before deaerator is about 2-3 mg/l, and 
water is in the storage tank not less than 
15 min, then it is possible, under proper 
operating conditions, to achieve partial de- 
compn. of bicarbonates in storage tank and, 
hence, almost complete absence of free 
H:COs. Pink coloration upon addn. of phe- 
nolphthalein is not reliable indication of 
completeness of deaeration in deaerators to 
which cationized water is added.—C A 


Internal Cleaning of Boilers. J. M. Ma- 
LONEY. Ind. Eng. Chem., 46:983 (’54). 
Procedures are discussed for removing scales 
and deposits from steam boilers by chem. 
cleaning with 5% HCl soln. contg. surface 
amino- or N-S coal-tar inhibitors, with 
H;PO,, and with com. detergent composed 
of metaphosphate and silicate. Use of N gas 
to displace chem. cleaner is means of reduc- 
ing after-rusting.—C A 
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MUNICIPAL WATER PURIFICATION 


The combined capacity of Roberts- 
equipped filtration plants is well over 
5 billion gallons (5,000,000,000) per 
day. Regardless of the size of the 
plant or the nature of the filtration 
problem, Roberts Filter can be 
depended upon for equipment that 
is reliable in years of service. 


SWIMMING POOL 
RECIRCULATING SYSTEMS 


The combination of thoroughly clari- 
fied water and efficient recirculation 
are features for which Roberts pools 
are famous. Systems for both outdoor 
and indoor pools are designed and in- 
stalled by men long experienced in 
the conditions peculiar to a success- 
ful swimming pool installation. 


means... 


INDUSTRIAL WATER 


Water treatment has | 

specialty of Roberts Filtes, 
water softeners are guaranteed to 
meet all requirements for which 
recommend and are available me 


wide range of capacities. 

water conditioning equipment is 
to control precisely 
desired chemical content of water 
for industrial use. 


widely 


PRESSURE FILTERS 


Closed pressure filters have wide 
usage where gravity filters are not 
justified. Roberts vertical filters are 
available in standard types from 12” 
to 96” diameter; horizontal pressure 
filters are all 80” in diameter and in 
varying lengths from 10’0” to 25/0”. 


When you think of good water—think of Roberts Filter 


MECHANICAL Equipme NT 


Roserts Puree Ms6.Co. 


DARBY, PENNA 


Roberts Filter 


Manufacturing Company « Darby, Penna. 


— 
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Floods. William G. Hoyt & Walter 
B. Langbein. Princeton Univ. Press, 
Princeton, N.J. (1955) 469 pp.; $7.50 

Authors Hoyt and Langbein, of the US 
Geological Survey (Mr. Hoyt is now re- 
tired), have produced an instructive and 
readable book on floods in the United 
States, their history, causes, problems, 
and remedies. Easily understandable by 
the layman, the book nevertheless does 
justice to the technical aspects of this 
formidable and vital subject. The well 
balanced account of the factors in flood 
control policy, controversial * and other- 
wise, is materially enhanced by the au- 
thors’ historical approach. A chronology 
of major American floods (since the six- 
teenth century), a geographical list of 
outstanding floods, and a_ bibliography 
are appended. Although not the last 
word on the subject (will there ever be 
one?), Floods makes worth-while reading. 


Big Dam Foolishness: The Problem 
of Modern Flood Control and Water Stor- 
age. Elmer T. Peterson. Devin-Adair 
Co., New York (1954) 224 pp.; $3.50 

“This book,” says the author frankly, 
“is controversial and iconoclastic.” As 
is evident from his title, Mr. Peterson 
has little use for big-dam flood control 
and its proponents. In weighing the 
merits of upstream (land management) 
and downstream (“big dam”) flood con- 
trol, the author exhibits an unfortunate 
tendency toward dogmatism and argu- 
ment by label. Big dams, for example, 
are “bureaucratic,” whereas soil con- 
servation districts are “an excellent ex- 
ample of democracy in action.” There is 


* See the following review. 


much to be said for both sides, but the 
issues involved are complex and such 
categorizing does not help to clarify them. 
Mr. Peterson’s forceful and outspoken 
presentation of the defects of big dams 
and the virtues of small reservoirs and 
land management as flood control meas- 
ures should be read with such a book as 
Hoyt and Langbein’s Floods (reviewed 
above) close at hand. 


Hail Columbia: The Thirty-Year 
Struggle for Grand Coulee Dam. George 
Sundborg. Macmillan Co., New York 
(1954) 467 pp.; $5.75 

This book relates in copious detail the 
tribulations and triumphs of James O’Sul- 
livan and his fellow advocates of the 
building of Grand Coulee Dam, which, 
according to the author, is three times the 
size of the Great Pyramid, the world’s 
second largest manmade structure. Mr. 
Sundborg has performed a labor of love 
that, in its own field, must be ranked, 
if not with the dam, certainly with the 
pyramid. Buried among such facts as 
the amount of money spent by the Co- 
lumbia River Development League for 
its letterheads in June 1929 ($6.50) is 
the story of a dedicated man and the 
monumental edifice his efforts helped 
create. 


Geology in Engineering. John R. 
Schultz & Arthur B. Cleaves. (With a 
chapter on soil mechanics by E. J. Y oder.) 
John Wiley & Soms, Inc., New York 
(1955) 592 pp.; $8.75 

The object of this work is to provide a 
systematic account of geologic principles 
and methods for the benefit of the engi- 
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ELLE 


INVITES YOU 


TO VISIT BOOTHS 86, 87 AND 88 AT THE SEVENTY-FIFTH 


ANNUAL CONVENTION OF THE AMERICAN WATER 


WORKS ASSOCIATION — JUNE 12TH. THROUGH 


JUNE 17TH. 


REPRESENTATIVE ITEMS OF THE COMPLETE LINE OF 


WATER WORKS EQUIPMENT, SUPPLIES AND SPECIAL- 


TIES OFFERED BY MUELLER CO. WILL BE ON EXHIBIT. 


CONRAD HILTON HOTEL, CHICAGO, ILLINOIS 


Let us show you the new Mueller 


Cut-in Sleeve and Valve anal where 
and how it fits into your system. 


MUELLER Co. 983 DECATUR, ILL. 
since 1857 


FACTORIES &@ OFFICES AT DECATUR CHATTANOOGA LOS ANGELES GARNIA, ONTARIO 
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neer. Written by two geologists, the 
book covers such subjects as minerals and 
rocks, erosion, subsurface water, frost 
action, landslides, soil mechanics, and 
dams and reservoirs. These and other 
topics are surveyed in some detail, but 
by no means comprehensively—for ex- 
ample, fewer than three pages are de- 
voted to methods of estimating ground 
water supplies. As the authors point 
out, however, the primary purpose of 
the book is to furnish a background in 
geology for the engineer rather than to 
make a geologist out of him. For readers 
who want or need fuller details on spe- 
cific aspects, references are given at ap- 
propriate places in the text. Taken on 
its own terms, the book should prove a 
useful addition to the engineer’s library. 


Conversion Factors and Tables. 0. 
T. Zimmerman & Irvin Lavine, ed. In- 
dustrial Research Service Inc., Masonic 
Bldg., Dover, N.H. (2nd ed., 1955) 
502 pp.; $5.00 

Need to know how many charak in a 
pao, or how many ngu in a foot? This 
pocket-size (44 x 6t-in.) handbook will 
tell you. The 119-page section on foreign 
conversion factors is only one of a num- 
ber of features of this reference work. 
It includes, in readable format, factors 
and tables for weights, measures, ener- 
gies, densities, hydraulic units, hardness, 
wire and sheet metal gages, color scale 
conversions for liquids, and numerous 
other items which the engineer or tech- 
nical worker might otherwise have to 
leaf through several different handbooks 
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‘Builders DALL Flow Tubes 


@ Use Dall Tubes when you need 
compact, minimum-cost installations: 
Caverage laying length only 142 
times line size). 

Use Dall Tubes when you need sus- 
tained metering accuracy: (smooth 
tapered throat is self-scouring, 
dimensionally stable). 

Use Dall Tubes when you can’t 
afford head loss: (highest pressure 
recovery of any velocity-increasing 
differential producer). 

For complete details write for Bulle- 
tin 115-L1. Builders-Providence, Inc., 
365 Harris Ave., Providence 1, R. 1. 


BUILDERS-PROVIDENCE 


DIVISION OF 6B-I-F 


INDUSTRIES, 


INC. METERS 
SUILOERS (ROM FOUMORY PROPORTION EERE, INC. © OMEGA MACHINE CO. FEEDERS 


CONTROLS 


; 2. 
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OAKLAND CAN REMOVE 
648 MILLION GALLONS OF STORM WATER PER DAY 
WITH FOUR HUGE WHEELER-ECONOMY PUMPS 


Each of the four Wheeler-Economy Vertical 

Mixed-Flow Pumps in the new Oakland 

Storm Water Pumping Station has a capa- 

city of 112,250 g. p.m. They are among the 

largest pumps ever built —54 x 66 in., weigh- 

ing approximately 20 tons apiece. Average 

head is 31 ft. with pump inlets nearly 25 ft. 

below the engine floor. In any development 

of the magnitude of the Oakland, California 

storm water project, pump performance 

must measure up to the millions of dollars 

invested. Wheeler-Economy has pioneered 

in the development of large axial and mixed- Gao of teas Manis Basen 
flow pumping equipment. That's why so Pumps at Ooklend, Colifernia. Con- 
many municipalities play it safe with duit sizes draining inte pumping ste- 
Wheeler-Economy engineering skill and ex- tion range from 24 to 108 in., large 
perienced workmanship. (Write for Bulletin enough for an automobile. 

on the Oakland story.) 


WHEELER-ECONOMY PUMPS 


“ECONOMY PUMPS. INC - DIVISION OF C H WHEELER MANUFACTURING CO | 
19TH AND LEHIGH PHILADELPHIA 32 PA 
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to find. The index is an added time 
saver. 


American Standard National Plumb- 
ing Code—ASA A40.8-1955. American 
Society of Mechanical Engineers, 29 West 
39th Street, New York 18, N.Y. (1955) 
186 pp.; paperbound ; $3.50 

This uniform code, cosponsored by 
ASME and APHA, is designed to mod- 
ernize existing practices and to coordi- 
nate the work of equipment manufac- 
turers, contractors, city building officials, 
and others. The ASA stresses the fact 
that the code is not mandatory, but is 
intended for municipalities which need 
it as a basis for setting local standards 
that are uniform with those used else- 
where in the nation. 


Climatic Criteria Defining Efficiency 
Limits for Certain Industrial Activi- 
ties: Sec. 4a, Water Supply. PB 
111454, Office of Technical Services, Rm. 
6227, Commerce Bldg., Dept. of Com- 
merce, Washington 25, D.C. (1955) 165 
pp.; paperbound; $3.00 

This report is part of a more extended 
study made by the Dept. of Geography 
of the Univ. of Illinois for the Air Force. 
Because of its usefulness in determining 
plant sites for industry, it is being made 
available to the public. The study treats 
of the availability and reliability of water 
in various regions, the need for water 
by various industrial processes (and 
ways of stretching the supply), and also 
the additional requirement imposed by 
the needs of the workers and even serv- 
ice industries. 


BELL JOINT 
LEAK CLAMPS 


GASKET SEALER 
COMPOUND 
C-1-60 CAST 
IRON BOLTS 


Carson glands and bolts 
made of corrosion-resistant 
C-I-60 cast iron—last as long 
as cast iron pipe. Glands ac- 
commodate variations in pipe 
dimensions, insure uniform 


compression of rubber gasket. 
Write for information 


H. Y¥. CARSON COMPANY 
1221 Pinson St. Birmingham, Ala. 
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Switch to 


—ANTHRAFILT— 


the MODERN 
All-Purpose Filtering Medium 


Anthrafilt Offers Many—— 
Advantages Over Sand and Quartz 


@ DOUBLES length of filter runs. 
@ REQUIRES only half as much wash water. 
@ KEEPS Filters in service over longer periods. 


@ INCREASES Filter output with better quality 
effluent. 


@ GIVES better support to synthetic resins. 
@ PROVIDES better removal! of fibrous materials, 


bacteria, micro-organic matter, taste, odor, 
etc. 


@ IDEAL for industria! acid and alkaline solutions. 

@ EFFECTIVE filtration from entire bed. 

@ LESS coating, caking or balling with mud, lime, 
iron, or manganese. 


PALMER FILTER EQUIPMENT CO. 
P.O. Box 1696—822 E. 8th St., Erie, Pa. 
Representing: 
ANTHRACITE EQUIPMENT CORP. 


Anthracite institute Bidg., Wilkes-Barre, Pa. 


Write for further information, 
test ples and tations to: 
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The Battle of Seattle has now been 
won, and it is a pleasure to announce 
that politics came in second for a 
change. All the details of the struggle 
between the city council, led by Coun- 
cilman Bob Jones as head of its utility 
committee, and Mayor Allan Pomeroy 
have not yet come out, but in the re- 
jection of the mayor’s strictly political 
selection for the position of water su- 
perintendent in favor of an engineer, 
we taste a particularly juicy triumph. 

The new superintendent, who took 
office on Mar. 1, is J. Ray Heath, 
a registered professional engineer in 
Washington, Oregon, and Alaska, who 
has practiced engineering for 30 years. 
A member of AWWA since 1947, 
Heath is also a member of ASCE and 
NSPE. He is past president of the 


Seattle Chapter, Washington Society 
of Professional Engineers; past presi- 
dent of the Puget Sound Flood Control 
Council ; and a former secretary of the 
King County Planning Commission. 
Having served as county engineer for 
the period 1941-43, he resigned to 
establish his own practice, first under 
the name General Engineering Co., 
Inc., and more recently in the firm 
of Heath, Hammond, and Collier. 
Among the projects upon which he 
has worked have been a number of 
water supply jobs for Washington wa- 
ter districts, as well as for several 
municipalities and government installa- 
tions in Alaska. 

Meanwhile, Roy Morse, whom 
Heath replaces, has stepped into a real 
job in the other Washington, as the 
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ELEVATED TANKS 


For almost a century Cole elevated tanks 
have been helping provide uniform wa- 
ter pressure, fire protection and adequate 
water reserve in scores of American cities, 


Capacities 5,000 to 2,000,000 gallons— 
with hemispherical, ellipsoidal or conical 
bottoms. Also flat-bottom tanks for stand- 
pipe storage. Correctly built in accord- 
ance with AWWA specifications. 


We invite your inquiries. 


State capacity, height to bottom, 
and 


-D-COLE 


MANUFACTURING CO. 
NEWNAN, GA. 
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TEST PLUGS JOINT RUNNERS 


CALKING TOOLS PIPE CUTTERS 


i 


POLLARD 


For complete, modern pipe line equipment to meet virtually all your needs, 
be sure to call on Pollard! More than a century of service and experience 
are behind each of the one-hundred-twenty-six equipment categories listed 
in the new Pollard Catalog. 


Hundreds of Pollard customers depend on Pollard for prompt delivery of 
highest quality pipeline equipment, backed by the most cooperative service 
in the industry. 

PLACE YOUR NEXT ORDER WITH POLLARD. Look up the Pollard Catalog, 
or write for a new copy. Ask for Catalog 26. 


PIPE LINE EQUIPMENT 


CN from PORLARD . W's the Best in Pipe Line Equipment 


POLLARD NEw HyroveE PARK+ NEW YORK 


1064 Peoples Gas Building, Chicago, Illinois 


*** 333 Candler Building, Atlanta, Georgia 


PIPE LINE EQUIPMENT 
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director of the Technical Review Staff 
responsible to the Secretary of the In- 
terior. The Technical Review Staff 
provides advisory service to the secre- 
tary, undersecretary, assistant secre- 
taries, and bureau chiefs on matters 
which they may refer to it; conducts 
special studies; provides departmental 
and interdepartmental liaison ; and co- 
ordinates the review of planning re- 
ports and the participation of repre- 
sentatives on interagency committees 
dealing with program and policy mat- 
ters. Roy’s staff consists of specialists 
in the fields of minerals, water, power, 
public lands, community services, in- 
ternational activities, defense produc- 
tion, and economic and statistical 
analysis. 

All is indeed well that ends this well, 
though we can imagine that it will be 


some time before Roy prefers the 
Potomac to his Puget Sound. 


Dorr-Oliver Inc. is relocating its 
Chicago office in the Merchandise Mart 
and is opening a new office in the Mid- 
land Building in Cleveland. The Chi- 
cago office will serve as headquarters 
of the Central Sanitary Div. and Cen- 
tral Industrial Div., managed, respec- 
tively, by O. V. Lindell and R. A. 
Johnson. The Cleveland office will be 
staffed by R. R. Denison and J. N. 
McKenna. 


J. D. Kline has been named as- 
sistant manager of the Halifax (N.S.) 
Public Service Commission. Mr. 
Kline, formerly the commission’s chief 
engineer, is secretary of the Maritime 
Branch of AWWA’s Canadian Section. 
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and durability. 


WHY USE JOHNSON WELL SCREENS? 


1. Less drawdown. 
2. Greater specific capacity. 


3. Lowest pumping cost per 
million gallons of water. 


True economy is measured not by first cost alone, 
butin lowest yearly cost. The JOHNSON WELL 
SCREEN combines an unmatched record of ex- 
perience and dependability with greatest strength 
It is the finest and most truly 
economical well screen in the world. 


EDWARD E. JOHNSON, INC. 
~ well screen specialists since 1904 ~ 


St. Paul 14, Minn. 


May 1955 
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) € = No matter how farsighted today's plans may be... 


cities will grow old... 


in time 


Your best insurance against ODSOlescence of your water system... 
specify EDDY Valves ana Hydrants throughout 


No matter how far into the future your city planning is projected, 


Eddy’s record testifies that Eddy Valves and Hydrants are 

your best long term investment. Eddy Valve Company’s more 
than 100 years of dependable operation means that, today, 

you can get replacement parts for any Eddy Valve or Hydrant 
ever installed. And our ability to continue to do so is your 
assurance against future obsolescence of your valves and hydrants. 


EDDY Bronze-Mounted 
HYDRANTS 
open smoothly with the pres- 
sure and close without water 
hammer. One man can easily 
remove all operating mech- 
anism for inspection and re- 
pair. Stem held in place be- 
low hydrant valve means 
that there is no water loss 
due to a bent stem. 


EDDY Bronze-Mounted 
GATE VALVES 

offer simplicity of design, 
trouble-free operation and 
enduring service. Each is 
truly a finished product of 
workmanship. These factors, 
added to personal experi- 
ence, tell why progressive 
water works men have relied 
on Eddy for generations. 


VALVE COMPANY 


ot 6 Claw Sen 


WATERFORD, NEW YORK 


B 


Eddy Hydrants and 
Valves are avail- 
able with hub, 
flange or mechan- 
ical joint connec- 
tions to fit any 
existing or planned 
installation. 


| 
EDDY 
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Harold W. Ramey has been named 
chief engineer for R. H. Baker & Co., 
Huntington Park, Calif. Mr. Ramey 
was formerly a consulting engineer for 
Davis Mfg. Co., Beverly Hills, Calif. 


Wilson D. Leggett Jr., Rear Ad- 
miral, USN, chief of the Navy’s Bu- 
reau of Ships, has been appointed vice- 
president of engineering at American 
Locomotive Co., Schenectady, N.Y. 


A new, multifunction, supervisory 
control system has been developed by 
Builders-Providence, Inc., Providence, 
R.I. Utilizing a single pair of signal 
wires and supervised by one operator, 
the “Synchro-Scan” system is said to 
permit remote control of any combina- 
tion of pumps, valves, generators, and 
the like, while also providing two- 


way multiple-telemetering transmis- 
sion. The system is designed for sim- 
ple installation and maintenance by 
local electricians and station operators. 


Robert J. Quinn, chemical engineer 
and former sales executive of Olin 
Mathieson Chemical Corp., died Mar. 
8 in Tucson, Ariz., at the age of 65. 
Well known for his work in the chlo- 
rine field, Mr. Quinn was long active 
in the Chlorine Institute, the American 
Chemical Society, AWWA, and other 
professional associations. 


Patrick Quilty, former New York 
City commissioner of water supply, 
gas, and electricity, died at his home 
on Mar. 12. Eighty-two, Mr. Quilty 
had been with the department for 35 
years before his retirement in 1946. 


(Continued on page 92 P&R) 


WHEELER FILTER BOTTOMS 


.. give these outstanding plants — corrosion free con- 
struction * uniform flow distribution * low head loss. 


CLeveLano, (Havens & Emerson, Engrs.) 


Naswvitce, Tenn. (The Chester Engineers) 
Miami, Fra. (Day & Zimmerman, Inc., Engrs.) 
Witminoton, Dec. (Metcalf & Eddy, Engrs.) 


For details on monolithic and pre-cast Wheeler 


Bottoms, write Builders-Providence, Inc., 


365 Harris 


Avenue, Providence 1, Rhode Island. 


DIVISION OF B-I-F 


INDUSTRIES, 


INC. 


(RON © PROPORTION EERS, INC. © OMEGA MACHINE CO, 
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Triangle 
Brand 


HELPS SOLVE YOUR WATER PROBLEMS, 


Triangle Brand Copper Sul- 
phate economically controls 
microscopic organisms in wa- 
ter supply systems. These or- 
ganisms can be eliminated by 
treatment of copper sulphate 
to the surface. Triangle Brand 
Copper Sulphate is made in 
large and small crystals for 
the water treatment field. 


Roots and fungus growths 
in sewage systems are con- 
trolled with copper sulphate 
when added to sewage water 
without affecting surface trees. 


Booklets covering the sub- 
ject of control of microscopic 
organisms and root and 
fungus control will be sent 


upon request. 


PHELPS DODGE 
REFINING CORPORATION 


40 Wall Street, New York 5, N. Y. 
230 N. Michigan Ave., Chicage 1, til. 


7 
- 
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John H. Murdoch Jr., vice-presi- 
dent and counsel, and Edward A. 
Geehan, general division manager, 
American Water Works Service Co., 
Philadelphia, have been named vice- 
presidents of the parent firm, the 
American Water Works Co., Wilming- 
ton, Del. Mr. Murdoch has been as- 
sociated with the organization since 
1920, and Mr. Geehan since 1909. 
Mr. Murdoch, who joined AWWA in 
1930 and was made an Honorary 
Member in 1950, is chairman of the 
AWWA committee to cooperate with 
NARUC on proposed water service 
regulations, as well as of the newly 
formed AWWA task group to estab- 
lish a rating scale for water system 
efficiency. 


All cunning and no ham at all is 
AWWA’s most recent exprexy when 
it comes to public relating. Thus, 
when he was troubled by a rash of 
customer complaints of unread meters, 
he didn’t stop at answering them, but 
went on to attack the cause, developing 
a comprehensive program to overcome 
the handicap that Oklahoma City’s 
curb-boxed meters create in convincing 
customers that the meter reader has 
really done his work. 

First step in the program was to 
answer all such complaints immediately 
and without question. By the use of 
a radio-equipped car, this was worked 
out so that telephoned complaints are 
often answered in a matter of a very 
few minutes—impressing the customer 


(Continued on page 96 P&R) 


WALKING BEAM 


FLOCULATION 
is now specified by 


water works engineers 
1. Eliminates troublesome underwater bearings. 
2. Eliminates expensive dry well construction. 
3. All bearings accessible for inspection and 


lubrication. 
4. Produces quick responsive floc formation. 
5. Longer filter runs. 
6. A saving in alum. 


Write today for Bulletin 451 and a list of water 
purificction plants thet hove gone modern. 


WRITE TODAY 
For 
100 PAGE CATALOG 
W.S. DARLEY & CO. Chicago 12 


| 
| | | 
SUPPLIES 
6 Reasons why 
| 
| 
Gruarr | 
| | 
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Specify “ROSS” automatic vALvEs 


FOLLOW THE LEAD OF THE ENGINEERS WHO SPE- 
CIFIED CONTROLS FOR THIS STANDPIPE FOR THE 
“SOUTH PITTSBURGH WATER CO.,” PITTSBURGH, PA. 


WATER LEVEL IN THIS “AMERICA’S LARGEST” 
STANDPIPE IS CONTROLLED BY A 20-inch ROSS 
DOUBLE ACTING ALTITUDE VALVE. 


Pioneers in the manufacture of automatic hydraulic control 
valves. Ross has served the industry since 1879. 


— Valves manufactured — 


ALTITUDE—BACK PRESSURE—FLOAT PRESSURE REDUCING 
— SURGE RELIEF — COMBINATION WITH HYDRAULIC AND 
ELECTRIC PILOT CONTROLS 


ROSS VALVE MANUFACTURING CO., INC. 


P. O. Box 593 Troy, N. Y. 
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with the alertness of the department 
to his dissatisfaction. When the com- 
plainer is at home, the reader answer- 
ing the call makes the reading in his 
presence, pointing out the accuracy of 
the billing basis. If he is not at home, 
the reader takes a picture of the meter 
face, using a polaroid camera equipped 
with infrared-sensitive film and focused 
to make the picture from a set posi- 
tion inside the meter box. The pic- 
ture, which is automatically developed 
in 60 sec, is left at the customer’s door 
to prove the point. 

Meanwhile, to approach the prob- 
lem from another angle, the depart- 
ment has instructed its meter readers 
in various methods of cutting down the 
number of such complaints. Friendli- 
ness has been stressed as the best way 
of making customers aware of the me- 
ter reader’s periodic presence. Read- 
ers have also been asked to go out of 
their way to invite customers to ex- 
amine the meters and to see the read- 
ing made. But cunningest has been 
the handling of booby traps—those 
“casual” sticks or stones or, even, 
pieces of change atop the meter box, 
those elaborately footprintless sur- 
roundings, or some of the other sleuth- 
ful contrivances intended to detect 
whether the meterman actually did call. 
Reversing a previous policy which in- 
sisted that the things be left exactly 
as found, the department now asks 
metermen deliberately to spring all 
traps and generally to make their calls 
obvious if not obnoxious. 

A lessison from Morrison this is— 
Cunningham, that is. 


Packaged water treatment is of- 
fered for small communities, camps, 
industrial plants, etc., by Infilco Inc., 
Tucson, Ariz. The “Accelapak” treat- 
ment plant is said to require charging 


of the chemical feeders only once a 
day. The plant is interlocked electri- 
cally to start and stop from a float 
switch in the clear well, thus reducing 
attendance time to a minimum. Ca- 
pacities range from 15 to 250 gpm 
or more. 


A specific-gravity indicator said to 
provide rapid and accurate determina- 
tion of liquid density is being marketed 
under the trade name “Spee/Gee” by 
Brooks Rotameter Co., Lansdale, Pa. 
A “nonspin” hydrometer is so placed 
that fluid specific gravity can be easily 
read at all times. The instrument is 
suitable for panel mounting. 


Johnston Pump Co. services and 
facilities are to be expanded following 
the acquisition of the firm’s assets by 
Emsco Mfg. Co. A. H. Miller, vice- 
president of Emsco, has been appointed 
Johnston general manager. 


William C. Sandland has been ap- 
pointed Reilly Tar & Chemical Corp. 
sales representative for the Houston 
area. 


Willing Water has at last been 
called to Washington—officially, that 
is—to give the water word to Con- 
gressmen. It was the staff of the 
Legislative Reference Service of the 
Library of Congress which issued the 
official invitation through a request for 
20 copies of Willie’s booklet, The 
Story of Water Supply, “for members 
of Congress.” A little disappointed 
that he wasn’t asked for a full 531, 
Willie is biding his time until the ses- 
sions start again after the Easter re- 
cess. Once the speeches begin, 20 
copies aren’t going to be nearly enough, 
nor 16 pages nearly long enough. But 
Willie will, at least, be on tap. 
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“Out of sight—out of mind” can be a mighty expensive philosophy 


in any water distribution system. The above unretouched 
photograph proves this point. It shows a badly tuberculated 

eight inch main whose inside diameter was reduced to an average 
of almost 4.5 inches. Resultant higher pumping costs with reduced 
pressure and carrying capacity make it costly to tolerate such 
conditions. That is why the savings effected in reduced pumping costs 
frequently pay for the low cost of National water main cleaning. 


Since there’s never a charge or obligation to inspect your 
mains, call National now! 


© Cath in Una 


TIONAL WATER MAIN CLEANING COMPANY 
50 Church Street * New York, N.Y. 


ATLANTA, GA; 333 Candler Building * BERKELEY, CALIF; 905 Grayson Street * DECA- 
TUR, GA; P. O. Box 385 * BOSTON, MASS; 1:5 Peterboro Street ° CHICAGO; 122 So. 
Michigan Avenue * ERIE, PA; 439 E. 6th Street * FLANDREAU, S.D; 315 N. Crescent 
Street * KANSAS CITY, MO; 406 Merchandise Mart and 2201 Grand Avenue * LITTLE 
FALLS, N.J; BOX 91 * LOS ANGELES; 5075 Santa Fe Avenue * MINNEAPOLIS, MINN; 
200 Lumber Exchange Building * RICHMOND, VA; 210 E. Franklin Street * SALT LAKE 
CITY; 149-151 W. Second South Street * SIGNAL MOUNTAIN, TENNESSEE; 204 Slayton 
Street * MONTREAL, CANADA; 2032 Union Avenue * WINNIPEG, CANADA; 576 Wall 
Street * HAVANA, CUBA; Lawrence H. Daniels, P. O. Box 531 * SAN JUAN, PUERTO 
RICO; Luis F. Caratini, Apartado 2184. 
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DRILL WITH 
SPINKS 


FOR HIGHER CAPACITY WELLS 


AND PROCESSED FOR 


WATER WELL DRILLING! 


Distributorshi 
territories! 
Carothers. 


SPINKS mixing 
washes out quickly, easily. 
mum penetration! Makes heavy 
mud — 9.5-lb. to 10-lb. range — 
stops cave-ins! Excellent lubrica- 


tion oc Removes cuttings | 


quickly, thoroughly! Durably 
sacked in asphalt 
lined bags! 50-lb. size for easy 
handling . . . less chance of loss! 
SPINK - — high-yi Iding, finest 
quality Wyoming om, Low 
water loss! Exceptional lubricating 
qualities! 

SPINK-O — medium weight mud. 
Combines outstanding qualities of 
Gleason and 


in several choice 
RITE, vine or CALL Rich 
Telephone 1502, Paris, Tenn. 


H. C. SPINKS CLAY COMPANY, INC. 
Mines and General Offices 
Paris, Tennessee 


PECIAL MUDS MINED 


| 


Mini- 


SERVICE LINES 


Vol. 47,No.5 


An equipment and instrumentation 
checklist for water works engineers is 
available from B-I-F Industries, Inc., 345 
Harris Ave., Providence 1, R.I. The 
4-page booklet, Technical Memo B-I-F 
M3, is illustrated with photographic flow 
diagrams. 


Tapping prestressed concrete steel 
cylinder pipe is described in a 12-page 
booklet issued by Price Brothers Co., 
Box 825, Dayton 1, Ohio. 


Steam contamination, its dangers and 
prevention, is the subject of a 6-page 
folder, “Steam Purity,” available from 
Hall Labs., Inc., 323—4th Ave., Pitts- 
burgh 22, Pa 


Punchcard billing and accounting de- 
vices are briefly described in a 6-page 
catalog (TM 930) issued by Remington 
Rand Inc., 315—4th Ave., New York 10, 
N.Y. The complete line of the com- 
pany’s punchcard machines is covered. 


Steel detachable chain specifications, 
production, and application theory are 
dealt with in a 64-page booklet published 
by Chain Belt Co., under the title “Rex 
Agricultural Implement Chains.” Re- 
quests for copies of the bulletin, No. 54- 
54, should be sent to the company, Dept. 
PR, Milwaukee 1, Wis. 


Meter setting and testing equipment is 
described in a handsomely bound (loose- 
leaf), tab-indexed, 120-page catalog (No. 
56) issued by Ford Meter Box Co., Inc., 
Wabash, Ind. The publication also in- 
cludes information on such matters as 
how to make good meter settings, prevent 
freezing, and select testing machines. 


(Continued on page 100 P&R) 
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Mode! GLW-0 Loss- 
in-Weignt Grovi- 
metric Feeder for 
moximum rote of 
100 Ibs. per hour. 


Model GLW-2 Loss- 


in-Weight Gravi- 


metric Feeder for 
moximum rote of 
4,000 Ibs. per hour. 


Mode! GLW.-! Loss 
in-Weight Grovi 
metric Feeder for 
moximum rote of 
1,000 Ibs. per hour 


When only the 
BEST is good 


enough... 
don’t shop for bargains 


What does the super-accuracy of Omega 
Loss-In-Weight Gravimetric Feeders really mean 
to the modern water works? To some plants, 
these feeders mean economy . . . the last word 
in the control and conservation of costly water 
treating chemicals. Others pick Omega Loss-In- 
Weight Feeders for safety, knowing that these 
flood-proof feeders provide positive control of 
critical chemicals. Still others select Omega Loss- 
In-Weight Feeders for flexibility, to meet a wide 


OMEG 


DIVISION OF B-I-F INDUSTRIES, INC. 


BUILDERS FOUNDRY © PROPORTIONEERS, INC. BUILDERS-PROVIDENCE, INC. 


THE LAST 
WORD IN 


range of raw water conditions and seasonal 
water demands. 

If you are considering up-grading your chemi- 
cal feeding equipment, or installing additional 
feeding capacity, investigate these and other ad- 
vantages of Omega Loss-In-Weight Gravimetric 
Feeders . . . then you’l! agree that only the best is 
good enough. Bulletins 30-H12A and 30-K4 give 
complete details — send for your copies today. 
Omege Machine Co., 365 Harris Av., Prov. 1,R.1. 


FEEDERS 


FEEDER 


CONTROLS 
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Water conditioning and waste treat- 
ment equipment is covered in a 4-page 
bulletin (No. WC-117) available from 
Graver Water Conditioning Co., 216 
West 14th St., New York 11, N.Y. 


Construction features of Allis-Chal- 
mers open type vertical hoilow shaft 
motors for outdoor service, 2-125 hp, are 
described in Bul. 51B7900. The motors 
are available with self-release coupling, 
ball type nonreversing clutch, or rigid 
coupling, or without coupling. The 6- 
page bulletin may be obtained from Allis- 
Chalmers Mfg. Co., 1026 South 70th St., 
Milwaukee, Wis. 


Minneapolis-Honeywell announces the 
following recent publications: Data Sheet 
10.3-4a, Brown float-actuated flow and 


liquid level meter; Bul. 1120, pneumatic 
control and transmission systems (includ- 
ing data on operating practice); Bul. 
8410, “Tel-O-Set” automatic ratio relay; 
Bul. 8506, electric industrial motorized 
valve assemblies; Catalog 5002, a com- 
posite catalog of industrial instruments 
and equipment; and Specification Sheet 
602, integral cam programer thermome- 
ters. Requests, including identification 
number of publication desired, should 
be addressed to Minneapolis-Honeywell 
Regulator Co., Industrial Div., Wayne 
& Windrim Aves., Philadelphia 44, Pa. 


Single-stage steam turbines with steel 
casing construction are described, with 
charts and photographs, in Bul. 1954C, 
available from Worthington Corp., Ad- 
vertising & Sales Promotion Dept., Har- 
rison, N.J. 
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TESTED AND 
RECORDED 


Each length of pipe we manufacture posses through the 
above hydrostatic test press where it is filled with water 
and the pressure raised to 500 pounds per square inch. 
The most common water works pipe is designed for an 
operating pressure of 150 pounds per square inch. This 
undergoes the 500 pounds per square inch hydrostatic test 
ond permanent records for each piece of pipe are kept 
on file for inspection by our customers at all times. You 
can be ossured with Alabama's Super De Lavaud Cast Iron 
Pipe. In sizes of 3’ to 24” in modern long lengths. Bell 
and Spigot, Mechanical Joint and Flanged Pipe. 


ALABAMA PIPE COMPANY 


ANNISTON atasama 


We Invite inquiries 10 Our Neorest Soles Office 


120 5. Michigen Ave. 350 Fifth Avenue 
Chicege, New York 1, New York 


ANNISTON, ALABAMA 


May 1955 


Atlanta engineers, 


again specify 


Pump room and part of main operating 
floor—Water Works, Griffin, Georgia 


Economical protection from abrasion, 
submersion, condensation and humidity 
is achieved here with colorful, durable 
Inertol coatings: Glamortex® takes hard 
knocks; Torex® is made for submersion; 
Ramuc® Utility withstands condensation 
and an average 75% humidity during 
the winter. 


@ Noted for the production of turkish 
towels, velvets and paper boxes, 
Griffin, Georgia, also claims one of the 
best-kept water works in the South. 
Wiedeman and Singleton are the con- 
sulting engineers on the job, and they 
have been specifying Inertol coatings 
ever since 1939. They know Inertol 
coatings are versatile and resistant... 
each coating meeting rigid specifica- 
tions of hardness, elasticity and chemi- 
cal inertness as well as providing 


lasting beauty. 
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INERTOL 
PAINTS 


Every water works coating you select 
from the Inertol line has been devel- 
oped for a particular purpose. Each 
has had its superiority proved in 
hundreds of installations throughout 
the country. Our Field Technicians 
will welcome the opportunity to dis- 
cuss the Inertol line fully with you at 
your office. Or write today for the 
“Painting Guide”—an invaluable aid 
for Design Engineers, Specification 
Writers and Plant Superintendents. 

Inquire about Rustarmor®, Inertol’s 
new hygroscopically-controlled rust 
neutralizing paint. 


INERTOL CO., INC. 


INERTOL PROTECTION MEANS LOWER MAINTENANCE COSTS ————— 
QP” 484 Frelinghuysen Avenve 


Newark 5, New Jersey 


27 G South Park 
Sen Francisco 7, California 
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FoR LOWEST 


HEAD LOSS IN 
FLUID METERING 


tuBeE 


* GEN-TIL-LY 
WHERE HEAD LOSS IS IMPORTANT... .The 
Gentile Flow Tube can be designed to pro- 
duce a measurable differential with lowest 
permanent pressure loss of any head meter. 


ACCURACY... Differential is produced from 
points of equal cross-sectional area. Furnished 
with head capacity curves, and guaranteed 
for exceptional accuracy when used with any 
standard indicating, recording or integrating 
meter. 


REVERSIBILITY...When the flow is reversed, 
the differential is reversed. Permits metering 
reverse flow at lowest possible equipment cost. 


LOW INSTALLED COST... Average length is 
only 1% times the pipe diameter, and straight 
runs entering and following are not required 
unless installed near throttling valves or 
regulators. 


Write for Bulletin FT-101 or 
specific recommendations. 


FOSTER ENGINEERING 
COMPANY 
835 LEHIGH AVENUE UNION, N. J. 
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Impressed-current “Duriron” anodes 
for cathodic protection are described in 
Bul. DA/1. The 8-page bulletin incor- 
porates data on the properties and ap- 
plications of these high-silicon cast-iron 
anodes. Address requests to Duriron 
Co., Inc., Dayton, Ohio. 


Pipe detector operation is discussed in 
an 8-page manual issued by Detectron 
Corp. Although written for the com- 
pany’s Model 505, it contains informa- 
tion said to be applicable to other makes. 


| The manual is available from the com- 
| pany at 5528 Vineland Ave., North Holly- 


wood, Calif. 


A structural-steel stock list (8 pages) 
is available from Structural Steel & 
Forge Co., 545 West 7th South St., Salt 
Lake City 10, Utah. 


“Chlor-O-Mite” low-capacity chemical 
feeders and their applications are de- 
scribed in a 2-page bulletin (No. 1910-3) 
offered by Proportioneers, Inc., a division 
of B-I-F Industries, Inc. Designed for 
controlled feeding of hypochlorite or 
other water treatment solutions, the unit 
comes in two models, hydraulically oper- 
ated or diaphragm type. The bulletin can 
be obtained from Proportioneers, Inc., 
345 Harris Ave., Providence 1, R.I. 


Sight flow indicators, transparent or 
reflex, which can be installed on new or 
existing 4—2-in. pipelines are described in 
a data sheet (Unit No. 253) issued by 
Jerguson Gage & Valve Co., 80 Fells- 
way, Somerville 45, Mass. 


The “Dehydrafilter,” a compressed-air 
dehydrator, is covered in a 2-page bul- 
letin (C-5154) of Hankison Corp. De- 
signed for small volumes of compressed 
air serving liquid level indicators, purge 
assemblies, and remote-control installa- 
tions, the unit comes in three models. 
The bulletin is available from the com- 
pany at 412 Biltmore Bldg., 951 Banks- 
ville Rd., Pittsburgh 16, Pa. 


| 
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CHLORINE GAS CONTROL EQUIPMENT 


METER AND CONTROL 

CHLORINE GAS IN THE 

NON-CORROSIVE STATE 

RATIOS 10 TO 1—50 
TO 1—110 TO 1 
VISIBLE FLOW INDICATION 
FOR 

W*SEWAGE, TREATMENT 
TYFSHOWING SCALE INDUSTRIAL PLANTS TYPICAL INSTALLATION 

SWIMMING POOLS ON WATER SUPPLY 


*ACCURATE METER 
*WIDE CAPACITY RANGE 
*HIGH VACUUM CONTROL 
* AUTOMATIC OPERATION 


THE EVERSON AIR-O-MaTic SYSTEM 
AUTOMATIC PROPORTIONING GAS FEED TO LIQUID FLOW 


HIGH VACUUM 
SOLUTION FEED 
DEPENDABLE 
ECONOMICAL 


HIGH CAPACITY R636 OPEN FRAME MODEL Bo82 


Everson Manufacturing Corporation 
221 W. Huron Street Chicago, 10, Illinois 
REPRESENTATIVES IN PRINCIPAL CITIES 


| 
- | | 
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SECTION MEETINGS 


Vol. 47, No.5 


Southeastern Section: The 26th an- 
nual conference of the Southeastern Sec- 
tion was held on Mar. 20-23, 1955, at 
the Hotel DeSoto, Savannah, Ga. Total 
registration was 325, a record for the 
section. Included in this number were 65 
ladies, 123 sales representatives, and 137 
water works personnel, engineers, and 
guests. 

The first session of the technical pro- 
gram was devoted to the drought of 1954 
and its effects upon water supplies in the 
area. On Monday morning M. T. Thom- 
son and A. E. Johnson of the US Geo- 
logical Survey presented data concerning 
stream flows in Georgia and South Caro- 
lina; W. B. Williams and T. A. Kolb 
described conditions at the water systems 
most seriously affected; and B. M. Hall 
Jr. summarized the situation, listing 
things municipalities could do to prepare 
for future droughts. 

Tuesday morning’s program featured 
talks by Clair P. Guess Jr., South Caro- 
lina Soil Conservation Commission, on 
“Water Control Policies”; by A. O. Put- 
nam, Layne & Bowler Co., on “An Op- 
portunity for Your Water Department” ; 
and by Frank C. Amsbary Jr. on “The 
Teays Valley.” 

Tuesday afternoon R. R. Adams, Cons. 
Engr., presented data covering 7 years’ 
operation of the Savannah water treat- 
ment plant; A. B. Middleton, Pennsyl- 
vania Quartz Co., described the latest 
developments in the use of activated 
silica; and A. E. Griffin, Wallace & 
Tiernan Inc., discussed “Modern Con- 
cepts in Water Treatment.” 

The theme of Wednesday’s program 
was “Ground Water in the Coastal Plains 


of Georgia and South Carolina.” The 
picture “Deep Waters” was shown by 
Allen Sickel, Layne-Atlantic Co., after 
which R. L. Wait, G. E. Siple, and M. A. 
Warren, all of the US Geological Survey, 
gave a thorough coverage of geology and 
water resources of the area. The final 
paper on the program, presented by 
Frank Mascitti, dealt with “Automatic 
Control Systems Applied to Water 
Works.” 

At the business meeting, Tuesday noon, 
Bruce J. Sams was elected chairman for 
the coming year; Carl C. Lanford, vice- 
chairman; John R. Bettis, trustee from 
South Carolina; and Sherman Russell, 
national director. L. E. Wallis continues 
as trustee from Georgia, and N. M. de- 
Jarnette as secretary-treasurer. 

At the banquet, Tuesday evening, a 
plaque and gavel were presented to the 
retiring chairman, W. C. Bowen, in 
recognition of his services to the section. 
Frank C. Amsbary Jr., national vice- 
president, presented life membership cer- 
tificates to Guy C. White and H. F. 
Wiedeman, and 25-year membership pins 
to R. G. Hicklin, Paul Weir, and Francis 
B. McDowell Jr. A life membership cer- 
tificate was awarded to Frank W. Chap- 
man in absentia, as was a 25-year pin to 
B. B. Meng Sr. John F. Pearson, Mgr., 
Public Utilities, Orangeburg, S.C., was 
nominated to receive the George Warren 
Fuller Award. 

The visiting ladies were conducted on 
two tours of the scenic and historic spots 
in and around Savannah and taken to a 
luncheon at the famous Pirate’s House. 
Club Room entertainment, provided each 
evening by the manufacturer members, 
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the tale of two cities 
—one city did...one city did not! 


The city fathers of “the city that did” blueprinted the 
future. With the help of “the man from Layne” they 
projected industrial and population growth into the 
future and kept water supply ahead of demand. The 


result? . . . continued progress . . . accelerated pros- 
perity, for growth depends upon water supply. 
On any question that relates to water, wise civic 


planners “ask the man from Layne.” 


LAYNE & BOWLER, INC. 


Memphis 8, Tennessee 
Layne Associate Companies Throughout the World 
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afforded an occasion for fun and fellow- 
ship and featured an excellent program of 
organ music by Mrs. Jack Greenlees. 
Many members took Monday afternoon to 
inspect one or more of the facilities 
opened to the group—-the Savannah Wa- 
ter Works, the Savannah Sugar Refinery, 
the Union Bag Co., and the State Port. 
The warm hospitality of the local 
people, especially in entertaining the visit- 
ing ladies; the good technical program ; 
the informal fellowship which prevailed ; 
and the color of Savannah’s springtime 
flowers, all had a part in making this 
one of the Southeastern Section’s better 
meetings. 
N. M. ARNETTE 
Secretary-Treasurer 


Indiana Section: The 47th annual 
Indiana Section meeting, at the Lin- 
coln Hotel, Indianapolis, got under way 
promptly at 1:45 pm on Feb. 9, 1955, 
when Chairman Harry J. Draves called 
for order and gave a brief address of 
welcome to the 475 (including 81 ladies) 
who attended—a new record. The tech- 
nical session followed immediately, with 
Charles H. Bechert, Director, Water Re- 
sources Div., Indiana Conservation Dept., 
Indianapolis, presenting a paper on the 
drought and water shortages in Indiana. 
Mr. Bechert compared the below-average 
rainfall over the last 3 years with the 
precipitation pattern over the past 70 
years in the state. In the past no periods 
of below-normal rainfall have exceeded 
3 vears’ duration, and he stated that he 
hopes 1955 does not deviate from this pat- 
tern. He also forecast new water short- 
ages in the future as our population in- 
creases and our living standards require 
greater per capita use. He pointed out, 
however, that sufficient water can be 
obtained to meet the needs of almost any 
community if those responsible are de- 
termined to go after it. Water shortage 
experiences in the towns of Blooming- 


ton, Ferdinand, and Milan were discussed, 
respectively, by J. M. Cason, City Engr., 
Bloomington ; Carl J. Heim, Cons. Engr., 
Jasper; and T. W. Thompson, Town 
Board Member, Milan. Each told of the 
extensive water use restrictions necessary 
in the past to conserve the supplies avail- 
able and described what was being done 
or considered to prevent this situation 
from arising in the future. In each case, 
the question of financing was paramount; 
the smaller the community, the more 
difficulty it posed. 

Howard E. Degler, Tech. Director, 
Marley Co., Kansas City, Mo., spoke on 
methods for the reuse of cooling water. 
He mentioned the increased use of water 
as a result of the great strides made by 
the air-conditioning industry. By a series 
of slides he showed different styles and 
capacities of cooling towers manufactured 
by his company. Each required about 1 
per cent makeup for the amount of water 
being circulated, according to Mr. Degler. 

The buffet sports supper held Wednes- 
day evening was highly entertaining. 
Warren Whitney, Vice-Pres., James B. 
Clow & Sons, acted as master of cere- 
monies. The highlight of the evening 
was a talk by Terry Brennan, Head Foot- 
ball Coach, Notre Dame University. 
Coach Brennan summarized the successes 
of the team during the past season and 
also related some of the humorous in- 
cidents that had occurred during his 
tenure. 

On Thursday morning two concurrent 
sessions were held. In the surface water 
section, Robert W. Schmidt, Chemist, 
South Dist. Filtration Plant, Chicago, 
used slides to illustrate the type of equip- 
ment which can be employed to measure 
the radioactivity of water supplies. He 
brought out the fact that the “emergency 
level” of radioactivity in water can be de- 
tected by rather inexpensive portable field 
instruments, while other, more sensitive 
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Electrical “‘Hawkshaw” 


Detecting “holidays” is the task of this 


electrical inspection apparatus. In the 
new 56-inch Bull Run water pipeline 
for Portland, Ore., less than one holiday 
for every hundred feet of pipe was 
found—an almost perfect job. 


Nine thousand gallons of Barrett 
waterworks primer, 2300 tons of Bar- 
rett waterworks enamel and 2,300,000 
sq. ft. of Barrett tarred asbestos felt 
protect the Portland pipeline inside 
and out. 


Barrett Waterworks Enamel is easy 
to apply artd provides long-lasting 
protection for costly pipes. This supe- 
rior coating is of the highest analy 
and meets all A.W.W.A. standards. To 
assure longer service for your pipe, 
at a minimum cost, specify Barrett. 


It offers 10 definite advantages: 

e Rigid quality control e Prevents 
tuberculation and incrustation of in- 
terior pipe surfaces e Effectively pro- 
tects external pipe surfaces against 
corrosion e High dielectric properties 
e Impermeable to moisture, non-ab- 
sorptive, non-porous e High ductility 
and flexibility, high resistance to soil 
stresses e Unusual tenacity e Effective 
under all kinds of climatic conditions 
and topography e Quick service e Wide 
availability 


BARRETT DIVISION, Allied Chemical & 


Dye Corp., 40 Rector St., New York [ - m| 
6, N. Y. In Canada: The Barrett Com- Pics 
pany, Ltd., 5551 St. Hubert St., Montreal 
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BARRETT PROTECTIVE COATINGS 


OVER 100 YEARS OF EXPERIENCE 
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Visit us at booth 38 , 
Chicago, June 12 to 17 ‘ ‘ 
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and more expensive, equipment is re- 
quired for low-level work. 

A paper prepared by Joseph C. Filicky, 
Research Chemist, West Virginia Pulp 
& Paper Co., Tyrone, Pa., was delivered 
by E. A. Sigworth, Chemist & Tech- 
nician, of the same company. The paper 
dealt with some of the taste and odor 
control problems experienced by the com- 
pany in Indiana. Mr. Filicky stated that, 
with the proper usage of a suitable ac- 
tivated carbon, any taste and odor con- 
dition can be satisfactorily controlled. 
He cited the case histories of six plants 
in which the threshold odors of highly 
polluted supplies were controlled to pro- 
duce a palatable water through the use of 
activated carbon. A discussion of the 
paper was contributed by A. E. Griffin, 
Consultant, Div. of Technical Services, 
Wallace & Tiernan Inc., Belleville, N.J. 
Mr. Griffin spoke principally on the taste 
and odor treatment chemicals classed as 
oxidants—oxygen (aeration), chlorine, 
chlorine dioxide, and ozone. He empha- 
sized that chlorine occupies a unique place 
in the taste and odor control picture: al- 
though it is used primarily for disinfec- 
tion, it also results in many other bene- 
fits automatically. The operator should 
be familiar with the various types of 
chlorine residuals, however, and should 
know how they react under varying 
conditions. 

In the ground water session on Thurs- 
day morning, John B. Patton, Prin. Ge- 
ologist, Geological Survey, Indiana Dept. 
of Conservation, Bloomington, used slides 
to illustrate the geological makeup of the 
state. According to Mr. Patton, ground 
water is more likely to be available in the 
northern two-thirds of Indiana, owing to 
glaciation. An intelligent appraisal of 
the possibilities of obtaining adequate 
underground supplies may save the need- 
less expense of drilling for ground water 
in areas where it is generally lacking or 
of constructing more expensive surface 


reservoirs in areas where the likelihood 
of obtaining ground water is good. J. B. 
Wilson, Cons. Engr., Indianapolis, em- 
phasized the importance of a careful geo- 
logical survey by a competent engineer 
when searching for a new or supplemen- 
tal water supply. He mentioned seven 
communities in the southern portion of 
the state that had drilled wells close to 
town or to existing facilities in the vain 
hope of reducing pipeline costs. Mr. Wil- 
son stated: “Since water is not where 
you drill but where you find it, each case 
represented frustration and extra costs 
without any results.” 

A discussion reverse-circulation 
drilling was presented by N. E. Gunder- 
son, Pres., Layne-Northern Co., Inc., 
Mishawaka, Ind. A comparison of the 
hydraulic conditions necessary for re- 
verse-circulation and artesian recharge 
well drilling was made. The differences 
between rotary drilling and reverse-cir- 
culation drilling, with regard to drilling 
speeds, drill action, size and removal of 
cuttings, and size and cost of equipment 
necessary, were also given. Mr. Gunder- 
son made a general statement recommend- 
ing the use of reverse-circulation drilling 
for water wells in the glacial drift which 
require holes over 20 in. in diameter. 

Following the noon luncheon, the busi- 
ness meeting was held. The committee 
chairmen gave progress reports. The 
nominating committee asked permission 
to report later as it had been unable to 
meet, owing to the late arrival of some 
members. A unanimous resolution was 
passed requesting the Section Secretary 
to express the regrets of the Indiana Sec- 
tion that President Maffitt was unable to 
attend because of illness, and to wish him 
a speedy recovery. 

The Thursday afternoon session was 
opened by William W. Aultman, Engr., 
Alvord, Burdick & Howson, Chicago, 
who presented a paper prepared by him- 
self and Louis R. Howson of the same 
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Standard 6”x12” 
test cylinders are 
made from the 
same batch of 
concrete as the 
pipe, cured with 
the pipe in the 
same steam box 
and are subjected 
to compression 
tests. 


Steel 
reinforcement 
rods are tested 

to determine 
their physical 
properties. 
Stress-strain 
diagram may be 
plotted on 
recorder at 
right. 


Completed pipe 
sections receiving 
hydrostatic test. 
Water pressure is 
increased until 
ultimate failure of 
the pipe section; 
research engineer 
makes periodic 
examinations as 
pressure goes up. 


Resistance 

to external 
loadings is 
determined by 
careful 
checking as 
pipe receives 
three-edge 


bearing test. 


BETTER 


Piro 


at a lower cost 
to you 


What this means to you... 


Cost. Lowest possible cost to you 
through efficient utilization 
of materials. 


Quality. Savings, yes, but all 
pipe must be constructed 

in accordance with sound and 
conservative engineering 
principles. 


Safety. A built-in safety factor 
is always a part of American’s 
engineered products. 


Know-how. Product 
information for you from 
engineers who KNOW from 
experience and tests what each 
class of pipe can do. 


Materials. Highest quality 
materials guaranteed by 
American's policy of testing and 
proving before using. 


F uture. A research program 
to help solve problems which may 
confront you in the future. 


Take advantage of these plus- 
factors in your next project—our 
45 years of experience in the 
development of superior pipe 
products is at your service. 

Write or phone for any 
additional information. 


ner; F ano cowstauction ) 


Main Offices and Piont, 4635 Firestone Bivd., South Gote, Califorme 
District Sales Offices and Plants. - San Diego Portiond Ore 
Mail Address. P.O. Box 3428, Terming! Annex 
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firm. The paper discussed some of the 
current trends in water treatment plant 
design and covered such items as intakes, 
mixing and coagulation, sedimentation, 
sludge removal equipment, suspended- 
solids contact basins, filters, softening, 
and lime reclamation. Mr. Aultman illus- 
trated his points by mentioning several 
specific installations. A discussion of 
this paper, with special emphasis on sus- 
pended-solids contact softeners and clari- 
fiers, was presented by William U. Gal- 
laher, Plant Supt., Water Dept., Appleton, 
Wis. He mentioned several of the dif- 
ferent types offered and showed the de- 
sign of a few of them with slides. Ac- 
cording to Gallaher, it has been con- 
cluded that the Appleton water softening 
plant can be operated more satisfactorily 


to water works 


facts and 


The complete text of “A Sur- 
vey of Operating Data for 
Water Works in 1950” com- 
bined with “A Statistical Anal- 
ysis of Water Works Data for 
1950” in one handy book. A 
total of 122 pages of tables 
and comment reprinted from 
the June and December 1953 
Journal AWWA. In heavy 
paper binding; $1.00 postpaid. 


American Water Works Assn. 
521 Fifth Ave., New York 17, N.Y. 


with the conventional system than with 
the suspended-solids contact system dur- 
ing periods when the water being treated 
has a high temperature and a large algae 
population and receives heavy dosages of 
carbon. At other times the suspended- 
solids contact softeners appear more de- 
sirable than the conventional type. 

David J. Ford, Asst. Sales Mgr., Ford 
Meter Box Co., Wabash, Ind., concluded 
the afternoon program with a paper titled 
“Equipment and Layout of Meter Mainte- 
nance Shop” (this paper was published 
in the June 1954 JourNnat). 

The Thursday night banquet and the 
Manufacturers’ Club Room both enjoyed 
capacity attendance. The nominating 
committee report was accepted and the 
following were elected: national director 
—Clyde E. Williams, Cons. Engr., South 
Bend; chairman—George G. Fassnacht, 
State Board of Health, Indianapolis; vice- 
chairman—Everitt Robbins, Supt., Speed- 
way Water Works; secretary-treasurer— 
Robert J. Becker, Indianapolis Water Co. 
Certificates were awarded those who had 
attended a 4-day short course at Purdue 
University by Prof. Harvey Wilke. The 
Joseph F. Bradley Award, for member- 
ship gain and district meeting attendance, 
was presented to the Northeast Area. 
William W. Mathews was announced as 
an AWWA Life Member. Charles H. 
Bechert received a large ovation when he 
was nominated for the George Warren 
Fuller Award. 

The final session on Friday morning 
got under way with a film showing the 
highlights of the Purdue University foot- 
ball season. Then E. J. Zimmer, Director, 
Chicago Plumbing Testing Lab., de- 
scribed several ways in which back si- 
phonage can contaminate drinking water 
systems. As a result of the laboratory’s 
research, a ten-point program has been 
developed with regard to plumbing as a 
whole and emphasizing water supply. 

Ropert J. Becker 
Secretary-Treasurer 
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MILLIPORE 


It has been recently announced 
that the 10th edition of Standard 
Methods for the Examination of 
Water and Sewage will include 
the MF” procedure for bacteri- 
ological water testing. 


Colonies of Serratia marcescens cultured on 
MF® surface for 16 hours with PM2X media. 


Application of MF” membranes* has permitted refinements and sim- 
plifications in many microbiological procedures and in the analysis of 
other colloidal suspensions as reported in leading technical journals. 


©The MF” filter membranes reduce bacterial cells quanti- 
tatively to a plane surface by a remarkable “screening” 
phenomenon. 


® Bacteria on the filter surface may be cultured under con- 
ditions subject to control not heretofore obtainable. 


® Uniform and rapid development of colonies contributes to 
the accuracy, sensitivity, and reliability of MF” procedures. 


A comprehensive summary of the literature descriptive of 
the Millipore Filter membranes, complete accessory equipment, and 
reported techniques of application is available on request from the 
laboratories of the 


MILLIPORE FILTER CORPORATION 
Watertown 72, Mass., U.S.A. 


*Sometimes referred to as membrane or molecular filters. 
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DELIVERING 
WATER CHEAPER 


Engineered by the Metropoli- 
tan Water District of Los 
Angeles, this twin 73” Dresser- 
Coupled steel pipe line was in- 
stalled as an outlet for Garvey 
Reservoir near Monterey Park, 
California. It was laid on the 
surface by the ABC Construc- 
tion Company, then covered by 
a concrete tunnel with no access 
for future maintenance, repair. 


Everlasting Pipe Line 


LOS ANGELES COVERS DRESSER-COUPLED STEEL LINE FOR GOOD 


Both the engineers and contractor on this job put fullest confidence 
in the ability of steel pipe joined with Dresser Couplings to deliver 
water indefinitely ... without maintenance or repair! 

And well they might, for steel pipe—with glass-smooth inner 
surfaces—will maintain high carrying capacity indefinitely. Pro- 
tected by rugged coatings, it is impervious to corrosion and incrus- 
tation. And Dresser Couplings, because they are precision-made, 
factory-tested and foolproof to install, give assurance of 100% 
perfectly tight joints. The specially compounded, almost indestruct- 
ible rubber gaskets in Dresser Couplings will remain bottle-tight 
for the life of the line. 

The result—a lower cost, maintenance-free, virtually everlasting 
pipe line that will deliver water cheaper. 


VWherever water flows, steel pipes it best. Always put steel pipe and Dresser Couplings in your specifications. 


DRESSER 


Dresser Manufacturing Division, 69 Fisher Ave., Bradford, 
Pa. (One of the Dresser Industries). Warehouses: 1121 Roth- 
well St., Houston; 101 S. Airport Bivd., $. San Francisco. Sales 
Offices also in: New York, Philadelphia, Chicago, Toronto. 


§ 
: % 
bp, 
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Howard, J. A., Township Engr., 
Township of Markham, R.R. 2, 
Gormley, Ont. (Jan. '55) 

Hoff, Walter 8., Owner, Huff Elec 
Co., 331 W. Hanna Ave., Indian- 
apolis 27, Ind. (Jan. '55) RP 

Huge, Harlan H., Gen. Mar., 
Public Service Board, Munic. Wa- 
ter & Sewer System, El Paso, Tex 


lolly Grove, 


+ Supt., Filter 
PRED. Williamsburg, Va. 
MP 
d Walter dr.; 
Princeton (N.J.) Water Co. 
Johnson, Zane B., Asst. Supt. of 
Utilities, 175 N. Milan, San Be- 
nito, Tex. (Jan. '55) M 
voy Allan D., Water Dept., 1040 
anzanita Ave., Pasadena, Calif. 
(Jan. ’55) 
Joyce, Robert Wallace, Mar., 
mmercial Dept., Pacific Gas & 
Elec. Co., 245 Market St., San 
Francisco, Calif. (Jan. '55) M 
Keeling, Harry 4., Cons. 
1718 Livonia Ave., 
35, Calif. (Jan. '55) 
Kivell, Wayne A., Civ. 
Engr., 
Conn. 5S) P 
Klinger, Lioyd L., Project Engr., 


Consolidated Water Power & Paper | 


Co., 630—%h St., 
Rapids, Wis. (Jan. 
Lawler, Joseph C., 
Dresser & McKee, 
Boston 8, Mass. (Jan. ’55) 
WwW. W., Filter 

Box 60, Abilene, 


S., Wisconsin 
RP 
Partner, Camp, 


MRP 
Plant 
Tex 


E., 
& Well Co., Rte. 4, 
Sacramento, 


Leonard Pum 
Box 3269 H, 
(Jan. '55) R 
Lucas, Ernest G., Foreman, Water 
Pump Stn., 1306 Chadbourne St., 
El Paso, Tex. (Jan. 55) M 
Lugo, Robert K., Jr., Salesman, 
ueller Co., 
Norwalk, Calif. (Jan. 
Lyon, Marvin M., 
Dept., Box 601, 
(Apr. MRPD 


D 
Supt., 
Eureka, 


Water 
Kan. 


MacDonald, Maurice, Dist. Sales | 
500 | 


Magr., S. Morgan Smith Co., 


Lincoln St., York, Pa. (Jan. '55) 


Filter 
SANDS 


Engr., | 
Los Angeles | 
D 


& San. 
Oliver ‘Stamford, 


6 Beacon St., | 


Owner, | 
Calif. | 


11215 E. Elgrace St., | 


MEMBERSHIP CHANGES 


(Continued from page 112 P&R) 


Mallory, Willlam A., Gen. Fore- 
man of Sanitation, 
son, Alaska (Jan. 55) MPD 
Mann, Belvin, Water 
Eagle Lake, Tex. 


McClain, Arthur D., Chief Opera- 
tor, Water Works, "Elberton, 
(Jan. P 

MeCulley, Lynn H.; 
(Ore.) 

McPherson Water & Elec. Dept., 
F. D. Diehl, Supt., 
McPherson, Kan. (Corp. 
MRD 

|Menart, Alphonse, San. Engr., 

Water Safety Section, 3300 E. 
Cheltenham Chicago 49, Il. 
(Jan. P 

Meridian Township Water Dist. 
No. 1, George B. Crandell, Supt., 
2116 Haslett Rd., East Lansing, 
Mich. (Corp. M. Jan. ’$5) MD 

Metealf, Ralph L., Sales Engr., 
Flanagan Co., Box. 445, Tampa, 
Fla. (Jan. 55) D 

Melvin 
ing Stn. 
. Green St., 


E., Supervisor, 
& Distr. System, 
Marshall, Mich. 


Supt., 
Sewer Com., Gillett, Wis. 


55) 
Mingle, Robert E., Field Engr., 
Fischer & Porter Co., 1017 Clark 
Pa. (Jan 


Bidg., Pittsburgh 22, 
P 


Mitchell, Merritt A., 
San. Engr., Alaska 
Health, 4th & Main, 
Juneau, Alaska (Jan. '55) RP 

Morey, Edward F., Jr., Maer., 
Dallas Office, B-I-F Texas Inc., 
4520 N. Central Expressway, Dal- 
las, Tex. (Jan. ’55) P 

7 Walter F., Supt., Mech. 
Div., of Water, 416 City 
County lig. Pittsburgh 19, Pa. 

Munson, Alfred H., 


(Jan. 
Civ. Engr., 
Bureau of Water, City Hall, Chi- 
cago, Ill. (Jan. MD 
| Nelson, Arthur P., Gen. Mar., 
Minas de Matahambre, S.A., Mata- 
hambre, Prov. Pinar del Rio, Cuba 
(Jan. '55) PD 
Newbrough, William L., 
, Filter Plant, Water Board, 
j St., Clarksburg, 
W.Va. (Jan. P 


(Continued on page 116 P&R) 


Regional 
Dept. 
Box 


Quartz 
Flint 


Water & | 
(Jan. | 


of | 
1533, | 


Asst. | 


| 


Mason, Irvin H.; see Fairfax (Va.) | 


Ga. | 


see Dallas | 


111 S. Main, | 
M. Jan. | 
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Newman, Ray, Water Supt., 803 

Ave. F, Garland, Tex. (Jan. ’55) 
RP 

Nulty, Timothy D., Water Chem. 
Engr., South Dist. Filtration 
Plant, 3300 E. Cheltenham PI., 
Chicago 49, Ill. (Jan. '55) P 

Obenour, William RK., Asst. to 
Gen. Mgr., Public Service “1 


Box 511, El Paso, Tex. (Jan. 
M 


Water 
55) 


O’Geary, King W., Supt., 
System, Waverly, Va. (Jan. 
MRD 

Oppelt, Victor H., Foreman, Wa- 
ter Meter Repair, Water Dept., 
3064 Leroy St., San Bernardino, 
Calif. (Jan. MRPD 

| Orillia Water, Light & Power 
Com., J. Wynne Davies, Engr., 
25 West St. N., Orillia, Ont. 
(Corp. M. Jan. ’55) 

Osborn, Wilford R., Supt. of 
Utilities, Dighton, Kan. (Apr. 
55) M 

Carrol A., 

Sparling Meter Co., 
Atlanta 3, 


Dist. Megr., 
66 Luckie St. 
Ga. (Jan. 


J. M., Salesman, Johns- 
Manville Sales Corp., 203 Stucawa 
Dr., Rte. 2, Columbia, $.C. (Jan. 
D 

Pennsylvania Salt 
Rowland L. Henry, Sales Engr., 
1000 Widener Bldg., Philadelphia 
7, Pa. (Assoc. M. Jan. ’S5) 

Peterson, Robert J., Miers. Repr., 
10600 Puritan, Detroit 38, Mich. 
(Jan. ’55) P 

Phillips, Frank J., 
Sparkler Mfg. Co., 
Rd., Cincinnati 38, 
P 

Princeton Water Co., Walter B. 
Jefferson Jr., Secy.-Treas., 166 
Nassau St., Princeton, N.J. (Corp. 


M. Jan. '55) 

| Provine, Joe, Jr., Mer., Fabens 
Water Co. Inc., Box 215, Fabens, 
Tex. (Jan. M 

Ross, Robert 1., Asst 
Board of Water Comrs., Box 600, 
Denver 1, Colo. (Jan. ’55) MD 

Roth, Herbert 8., Director of Pub- 
lic Works, 108 N. Main St., Hart- 
ford, Wis. (Jan. '55) M 

Rubarts, Bennie L., Asst. Water 
Plant Supt., 215 W. Texas St., 
Sherman, Tex. (Jan. '55) 


Mfg. Co., 


Repr., 
Delhi 
(Jan. 


Sales 
5661 
Ohio 


City Supt., 


Filter 
GRAVELS 


WESTERN MATERIALS COMPANY 


39 SOUTH LA SALLE STREET - CHICAGO 3, 


TELEPHONES: STate 2-546! 


ILLINOIS 


(Jan. '55) MR 
Irby, T. G., Sales Re 
Nelson Co., Box 134, 
Ark. (Jan. 
Leonard Har 
ct 
| 19 
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New Albany Justalls Horton Tank 


The Indiana Gas & Water Company installed this 1,000,000-gallon 
radial cone elevated tank at New Albany, Indiana, to provide dependable 
gravity pressure in their water distribution system. The tank is 82 feet 
to the bottom capacity line and has a range in head of 30 feet. 


Horton ellipsoidal-bottom elevated tanks, standpipes, and reservoirs 
are also available to meet your water storage requirements. Write our 
nearest office for an estimate or information. 


CHICAGO BRIDGE & IRON COMPANY 


Plants in Birmingham, Chicago, Sclt Lake City and Greenville, Pa. 
BIRMINGHAM CHICAGO TULSA BOSTON SALT LAKE CITY 
PHILADELPHIA NEW YORK DETROIT SEATTLE LOS ANGELES 
SAN FRANCISCO HOUSTON ATLANTA CLEVELAND PITTSBURGH 


In Canade—HORTON STEEL WORKS, LIMITED, FORT ERIE, ONT. 
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Rueckle, Randolph R., Salesman, 
San Antonio Machinery & ~4 
Co., Box 660, San Antonio, 
(Jan, ’5S) MRP 

St. Laurent, City of, Yvon Ga- 
riepy, City Engr., 1390 de |’Eng- | 
lise St., St. Laurent, Que. (Munic. 
Sv. Sub. Jan. ’55) 

Samborski, William, San. & Pub- 
lic Health Engr., 3865 Glacier 
Way, Ann Arbor, Mich. (Apr. ’55) 

Scales, Walter, Business Mgr., 
Conway Corp., Box 670, Conway, 
Ark. (Jan. '55) M 

Sealey, William A., Pres., Sealey 
Contracting Co. Inc., 136 Maiden 
Lane, New York 7, N.Y. (Jan. 
MD 

Sinnott, Walter B., Asst. Engr., 
Hazen & Sawyer, 110 E. 42nd 5t., 
New York, N.Y. (Jan. '55) PD 

Smith, David E., Water Supt., 
$213, Sonora, Tex. (Jan. 

Smith, Herman E., dr., Chief 
Engr., Hudgins-Thompson-Ball & 
Assocs., 1411 Classen Bivd., Okla- 
homa City, Okla. (Jan. '55) R 

Smith, Lee, Fe Box 854, Groves, 
Tex. (Jan. M 

Soroko, Oscar, Chem. Enar., 
Fischer & Porter Co., 16511 Kins- 
man Rd., Cleveland 20, Ohio (Jan. 
PD 

erlin 
Rich 


Water 


(Apr. 


Spencer, 


Box | 


MEMBERSHIP CHANGES 
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Stanley, L. B., Mgr, Water & 
Sewer & Utility Co., 5227 Jensen 
Dr., Houston, Tex. (Jan. ’55) 
MRP 


Stark, L. E.; see Garland (Tex.) 
Steel Plate Fabricators Asesn., 
J. Dwight Evans, Exec. Director, 
79 W. St., Chicago 3, Ill. 
(Assoc. M. Mar. '55) 
Stewart, Malcolm D., Chief 
Munic. Engr., R. K. Kilborn & 
| Assocs. Ltd., 36 Park Lawn Rd., 
| Toronto 14, Ont. (Jan. ’55) 
| Stuart, Thomas A., Sales Engr., 
The Permutit Co., 25 O N. Water 
St., Decatur, Ill. (Jan. '55) P 
Sullivan, Richard H., Engr. Sup- 
ply Officer, Corps of Engrs., US 
Army, Has. 808th Engr. Avn. Bn. 
APO 239, San Francisco, Calif. 
(Jr. M. Jan. MP 
Thompson, James P., San. Engr., 
Div. of Water Purif., 3300 E. 
Cheltenham Chicago 49, Ill. 
(Jan. ’55) P 
Thompson, Joseph B., Supt., Wa- 
ter Supply System, 13600 Oak 
Park Blvd., Oak Park 37, Mich. 
. M 
William C., 
Utilities, Inc., 17900 N.W. 
Ave., Carol City, Opa- 
, Fla. (Jan. '55) MPD 
ton, Harold D., Pres., Tipton 
nstr. Co., 500 Haynes St., Bris- 
tol, Tenn. (Jan. '55 


Supt., Carol 
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Toscano, Joseph J., San. Engr., 
Water Purif. Div., Water Safety 
Control Section, 3300 E. Chelten- 
ham Pl., Chicago 49, Ill. (Jan. 


)P 

Towne, Milton, Adv. 
Humphrey, Alley & Ric 
370 Lexington Ave., New 
17, N.Y. (Jan. ’55) RPD 

Uhl, Francis X., Sales Repr., 

Mueller Co., Hotel Webster i 
4415—Sth Ave., Pittsburgh 13, Pa. 
(Jan. '55) D 

Urrutia, Cesar M., Asst. Instruc- 
tor in Hydraulics, Louisiana State 
Univ., Baton Rouge, La. (Jan. 
MP 

Waddell, Robert V., Supt., Orange 
County Water Control & Irri 
tion Dist. No. 2, a 
Orange, Tex. (Jan. ’55) D 

Wallach, Arthur; see Yonkers 
(N.Y.) Dept. « Public Health 


Walters, Leo Supt., Water 
Works, Elton, a (Jan. *55) MP 
White, Almer R&.; see Akron 


(N.Y.) Munic. Water 


Wilcoxson, Robert L., Mgr., Wa- 
ter Co., Fowler, Ind. (Jan. ’55) 
MRP 

Williams, Stuart 8., Mgr. of 
Utilities, Mason, Tex. (Jan. ’55) 
MR 

Wilson, Jack, Water Plant ‘a- 


55S) P. 
see 


tor, Perry, Ga. (Jan. 
Zimmerman, L. 0O.; 


Services 


Type SM with Worm Gear 
Drive on R-S Butterfly Valve. 


Send for latest catalog 


L-54 


Limitorgue’ 


From coast to coast, 


operation. of valves up 
Why is acceptance so 


dependable, 
all times. 


ating parts. 


VA v 
By REMOTE CONTROL 


hundreds of LimiTorque 
Controls are in service in water works and sew- 
age disposal plants for automatic or push-button 


OPERATORS 


to 120 inch diameter. 
widespread? Because 


LimiTorque Operators are designed to provide 
safe and sure valve actuation at 


LimiTorque is self-contained and is applicable 
to all makes of valves. 
source may be used to actuate the operator: 
Electricity, water, air, oil, gas, etc. 

A feature of LimiTorque is the torque limit 
switch which controls the closing thrust on the 
valve stem and prevents damage to valve oper- 


Any available power 


PHILADELPHIA GEAR WORKS, Inc. 


ERIE AVENUE and G STREET, PHILADELPHIA 34, PA. 


New York 


Houston 


Pittsburgh 


Lynchburg, Va. 


Chicago 


Casa 
| 
4 | 
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for Small 
Communities 


tine 


Typical “ACCELAPAK” Installation 


Packaged Plants 


for Complete Water Treatment 


Here is the answer to the water needs of small communities, 
camps and resorts, estates and industrial plants—the 
“ACCELAPAK” treating plant—producing the best water 
obtainable with a minimum of operating supervision 
and at the lowest cost. 

Designed for capacities as low as 15 g.p.m., operation of 
this plant is simplicity itself with “once a day” charging 
of chemical feeders and electric interlocks to start 
and stop the plant from float switch in the clearwell. 


The one compony 


Write for illustrated literature, or ask your offering engineered 


waste processing — 
cooguiation, 
brecipitation, 


INFILCO INC. 


lon exchange ond 
biclegical treatment 


$25 S. Campbell Ave., Tucson, Arizona 
Field offices im principal cities in North America 


May 1955 
\ J 
\ 
(Trade Mark) : 


Inder of Aduertisers’ Products 


Activated Carbon: 
Industrial Chemical Sales Div 
Permutit Co. 
Aerators (Air Diffusers): 
American Well Works 
General Filter Co. 
Infileo Inc. 
Permutit Co. 
Walker Process Equipment, Inc. 
Air Compressors: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Morse Bros. Mchy. Co. 
Alum (Sulfate of Alumina): 
American Cyanamid Co., Heavy 
Chemicals Dept. 
General Chemical Div. 
Ammonia, Anhydrous: 
General Chemical Div. 
Ammoniators: 
Everson Mfg. Corp. 
Fischer & Porter 
lroportioneers, Inc. 
Wallace & Tiernan Co., Inc. 
Goods: 
American Brass Co, 
M. Greenberg's Sons 
Hays Mfg. Co. 
Mueller Co. 
Welsbach Corp., Kitson Valve Div. 
Carbon Dioxide Generators: 
Iniileo Inc. 
Walker Process Equipment, Inc. 
Cathodic Protection: 
Electro Rust-Proofing Corp. 
Harco Corp. 
Cement Mortar Lining: 
Centriline Corp. 
Chemicent Apparatus: 
Fischer & Porter Co. 
Cochrane Corp. 
Graver Water Conditioning Co. 
Infilco Inc. 
Omega Machine Co, (Div., B-I-F 
Industries) 
Permutit Co. 
Proportioneers, Inc. 
Ross Valve Mfg. Co. 
Simnlex Valve & Meter Co. 
Wallace & Tiernan Inc. 
Chemists and Engineers: 
(See Professional Services) 
Chiorination Equipment: 
Builders-Providence, Inc. 
Everson Mfg. Corp. 
Fischer & Porter Co. 
Pronortioneers. Inc 
Wallace & Tiernan Inc. 
Chiorine Comparators: 
Klett Mfg. Co 
Wallace & Tiernan Inc. 
Chiorine, Liquid: 
Wallace & Tiernan Inc. 
Clamps and Sleeves, Pipe: 
ames B. Clow & Sons 
Yresser Mig. Div. 
M. Greenberg’s Sons 
Mueller Co. 
Rensselaer Valve Co. 
Skinner, M. B., Co. 
A. P. Smith Mfg. Co. 
Trinity Valley Iron & Steel Co. 
Clamps, Hell dJotat: 
ames B. Clow 
resser Mig. Div. 
Skinner, M. B., Co. 


Clamps, Pipe Repair: 
James B. Clow Sons 

Dresser Mig 

Skinner, M. 

Trinity Valiey Steel Co. 
Clarifiers: 

American Well Works 

Chain Belt Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 
Infilco Inc. 

Vermutit Co 

Walker Process Equipment, Inc. 
Cleaning Water Mains: 
Flexible Sales Cor 


National Water Main Cleaning Co. 


Condensers: 


United States Pipe & Foundry Co. 


Contractors, Water Supply: 

Layne & Bowler, Inc. 

Controllers, Liquid Level, 
Kate of Flow: 

Builders-Providence, Inc. 

Fischer & Porter Co. 

General Filter Co. 

Infilco Inc. 

Simplex Valve & Meter Co. 

Copper Sheets: 

American Brass 

Copper Sulfate: 

General Chemical Div. 

Phelps Dodge Refining Corp. 

Tennessee Corp. 

Corrosion Control: 

Calgon, Inc. 

Philadelphia Quartz Co. 

Couplings, Flexible: 

DeLaval Steam Turbine Co. 

Dresser Mfg. Div. 

Philadelphia Gear Works, Inc. 

Diaphragms, Pump: 

Dorr-Oliver Inc. 

Morse Bros. Mchy. Co. 

Southern Pipe & Casing Co. 

Engines, Hydraulic: 

Ross Valve Mfg. Co. 

Engineers and Chemi«ts: 

(See Professional Services) 

Feedwater Treatment: 

Allis-Chalmers Mfg. Co. 

Calgon. In 

Cochrane Corp. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Ferric Sulfate: 

Tennessee Corp. 

Filter Materials: 

Anthracite Equipment Corp. 

General Filter €o. 

Johns- Manville Corp. 

Infileo Inc. 

Northern Co. 

Permutit 

Car! Schleicher & Schuell Co. 

Filters, incl, Feedwater: 

Cochrane Corp. 

Dorr-Oliver Inc. 

Graver Water Conditioning Co. 

Infilco Inc. 

Morse Bros. Mchy. Co. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Ross Valve Mig. Co. 
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Ap 


Filters, Membrane (MF) 
AG Chemical = 

Millipore Filter C 

Carl Schleicher & ‘Schuell Co. 


Filtration Equipment: 

Chain Belt Co, 

Cochrane Corp. 

Filtration Equipment Corp. 

General Filter Co 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc 

F. B. Leopold Co. 

Omega Machine Co. (Div., B-I-F 
Industries) 

Permutit Co. 

Roberts Filter Mig. Co. 

Stuart Corp. 

Corp., Ozone Processes 


Fittings, Copper Pipe: 
Dresser Mfg. Div. 

M. Greenberg's 

Hays Mfg. 

Mueller Co. 


Fittings, Tees, Ells, ete.: 
American Cast Iron Pipe Co. 
American Locomotive 

Carlon Products Corp. 

Cast Iron Pipe Research Assn. 
James B. Clow & Sons 

Crane Co. 

Dresser Mfg. Div. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
Trinity Valley Iron & Steel Co. 
United States Pipe & Foundry Co 
R. D. Wood Co. 
Flocculating Equipment: 
Chain Belt Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

General Filter Co. 

Graver Water Conditioning Co. 
Infileo Inc. 

Permutit Co. 

Stuart Corp. 


Fluoride Chemicals: 
American Agricultural Chemical Co. 
Blockson Chemical Co. 


Fluoride Feeders: 

Builders-Providence, Inc. 

Fischer & Porter Co. 

Omega Machine Co. (Div., B-I-F 
Industries) 

Wallace & Tiernan Co., Inc. 

Furnaces: 

Jos. G. Pollard Co., Inc. 

Gages, Liquid Level: 

Builders-Providence, Inc. 

Fischer & Porter Co. 

Infilco Inc. 

Simplex Valve & Meter Co. 


Gages, Loss of Head, Rate of 
Flow, Sand Ex sion: 

Ruilders-Providence, Inc. 

Fischer & Porter Co. 

Infilco Inc. 

Simplex Valve & Meter Co. 

Gasholders: 

Chicago Bridge & Iron Co. 

Hammond Iron Works 

Pittsburgh-Des Moines Steel Co. 

Gaskets, Rubber Packing: 

James B. Clow & Sons 

Johns-Manville Corp. 
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MECHANICAL JOINTS 


.-- another plus feature 
available with 


ARLING mechanical joint 

valves and hydrants are built 
to approved standards and pro- 
vide all the recognized advantages 
—such as simple, fast installation 
with no special skills required . 
and assurance of tight joints. 

But whether or not you require 
mechanical joints, don't forget 
the outstanding performance 
advantages that only Darling 
Valves and Hydrants can give 


you. For example, there's Dar- 
ling’s revolutionary B-50-B pack- 
less dry-top hydrant development 
with its ball-bearing operation and 
“O” ring seals. And in gate valves, 
Darling's fully revolving double 
disc, parallel seat principle... 
for long life, low maintenance 
and unmatched operating ease. 
Be sure to get a// the facts. 
Complete information is 
yours for the asking. 


DARLING VALVE & MANUFACTURING CO. 


Williamsport 23, Pa. 
Manufactured in Canada by The Canada Valve & Hydrant Co., Lid., Brantford 7, Ont. 


(ep) VALVES AND HYDRANTS 
<MARK> 
— 
| 
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Gates, Shear and Sluice: 
Drainage & Metal Products, 
Inc 
Chapman Valve Mfg. Co. 
James B. Clow & Sons 
Morse Bros. Mchy. Co. 
Mueller Co. 
R. D. Wood Co. 
Gears, Speed Reducin 
DeLaval Steam Turbine Co. 
Philadelphia Gear Works, Inc. 
Glass Standards—Colorimetrie 
Analysis Equipment: 
Klett Mig. Co 
Wallace & Tiernan Inc. 
Goosenecks (with or without 
Corporation Stops): 
B. Clow & Sons 
ays Mig. Co. 
Mueller Co. 
iHydrunts: 
ames B. Clow & Sons 
Jarling Valve & Mig. Co. 
M. Greenberg's Sons 
Kennedy Valve Mfg. Co. 
Ludlow Valve Mig. Co., Inc. 
M & H Valve & Fittings Co. 
Mueller Co, 
A. I. Smith Mfg. Co. 
Rensselaer Valve Co. 
R. D. Wood Co 
iydrogen ton Equipment: 
Wallace & Tiernan Inc. 
lon Exchange Materials: 
Cochrane Corp. 
General Filter Co 
Graver Water Conditioning Co. 
Hungerford & Terry, Inc. 
Infileo Inc. 
Permutit Co. 
Roberts Filter Mfg. Co. 


Iron, Pi 
Woodward Iron Co. 
Iron Kemoval Plants: 


American Well Works 

Chain Belt Co. 

Cochrane Corp. 

General Filter Co. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Welsbach Corp., Ozone Processes 
Div 

Jointing Materials: 

Hydraulic Development Corp. 

Corp. 

eadite Co., Inc 

Joints, Pipe: 

American Cast Iron pe Co. 

Cast Iron Pipe Assn. 


ames Clow & Sons 
Jresser Mig. Div. 
Trinity Valley Iron & Steel Co. 


United States Pipe & Foundry Co 

R. D. Wood Co. 

Leak Detectors: 

Jos. G. Pollard Co., Inc. 

Time Stakers and Feeders: 

Dorr-Oliver Inc. 

General Filter Co. 

Infileo Inc. 

Omega Machine Co. (Div., B-I-F 
Industries) 

Permutit Co. 

Magnetic Dipping Needles: 

W. S. Darley & Co. 

Meter Hoxes: 

Ford Meter Box Co. 

Pittsburgh Equitable Meter Div. 

Meter Couplings and Yokes: 

Badger Meter Mig. Co. 

Dresser Mfg. Div. 

Ford Meter Boz Co 


ADVERTISERS’ PRODUCTS 


Co 

Mueller Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Welsbach Corp., Kitson Valve Div. 

Worthington-Gamon Meter Co 

Meter Reading and Kecord 
Books: 

Badger Meter Mfg. Co. 

Meter Testers: 

Badger Meter Mfg. Co. 

Ford Meter Box Co. 

Hersey Mfg Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Meters, Domestic: 

Badger Meter Mfg. Co. 

Buffalo Meter Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Equitable Meter Div. 

Well Machinery & Supply Co. 

Worthington-Gamon Meter Co 

Meters, Filtration Piant, 
Pumping Station, 
Transmission Line: 

Builders-Providence, Inc. 

Fischer & Porter Co. 

Foster Eng. 


Infilco Inc. 

Simplex Valve & Meter Co. 

~ Industrial, Commer- 
celal: 


Badger Meter Mfg. Co. 

Buffalo Meter Co. 
Builders-Providence, Inc. 
Fischer & Porter Co. 

Hersey Mfg. Co. 

Neptune Meter Co. 

Pittsburgh Meter Div. 
Simp'ex Valve & Meter Co 
Well Machiaery & Supply Co 
Worthington-Gamon Meter Co 


Mixin ulpment: 

Chain Beit to. 

General Filter Co. 

Infileo Inc. 

Oxonation Equipment: 

Welsbach Corp., Ozone 
Div. 

Paints 

Inertol Co., Inc. 

Pipe, Asbestos-Cement: 
ohns-Manville Corp. 
easbey & Mattison Co. 

Pipe, Brass: 

American Brass Co. 

Pipe, Cast iron 

American Cast Iron 

Cast Iron Pipe 

James B. Clow & Sons 

Trinity Valley Iron & Steel Co. 

United States Pipe & Foundry Co 

R. D. Wood Co 

Pipe, Cement Lined: 

Cast Iron Pipe Research Assn. 

oa B. Clow & Sons 
nited States Pipe & vountey Co. 

Universal Concrete Pipe 

R. D. Wood Co 

Pipe, Concrete: 

American Concrete Pressure Pipe 


Assn. 
American Pipe & ee Co. 
Lock Joint Pipe Co 
Pipe, Copper: 
American Brass 
Pipe, Steel: 
American Locomotive Co. 
a Drainage & Metal Products, 


nc. 
Bethlehem Steel Co. 

Pipe Coatings and Linings: 
The Barrett Div. 


rocesses 


Cast Iron Pipe Research Assn 
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Centriline Corp. 
Inertol Co., Inc. 
Koppers Co., Inc. 
Reilly Tar & Chemical Corp. 
Pipe Cutters 
James B. Clow & Sons 
Ellis & Ford Mfg. Co. 
Jos. G. Pollard Co., Inc. 
Reed Mig. Co. 
A. P. Smith Mig. Co. 
Pipe Jointing Materials; see 
Jointing Materials 
Locators: 
Ww Darley & Co 
lugs, Removable: 
B. Clow & Sons 
os. G. Pollard Co., Inc. 
A. P. Smith Mig. Co 
Potassium Permanganate 
Carus Chemical Co. 
I’ressure Kegulators: 
Allis-Chalmers Mig. Co. 
Foster Eng. 
Mueller Co. 
Ross Valve Mfg. Co. 
Pumps, Boller Feed: 
DeLaval Steam Turbine Co. 
Pumps, Centrifugal: 
Allis-Chalmers Mig. Co. 
American Well Works 
DeLaval Steam Turbine Co. 
Morse Bros. Mchy. Co. 
C. H. Wheeler Mig. Co. 
Pumps, Chemical Feed: 
Infilco Inc. 
Pronortioneers, Inc. 
Wallace & Tiernan Inc. 
Pumps, Deep Well: 
American Well Works 
Layne & Bowler, Inc. 
Pumps, Diaphragm: 
Dorr-Oliver Inc. 
Morse Bros. Mchy. Co. 
Hydrant: 
S. Darley & Co. 
A G. Pollard Co., Inc. 
Pumps, Hydraulic Booster: 
Ross Valve Mfg Co. 
Pumps, Sewage: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
C. H. Wheeler Mig. Co. 
Pumps, Sump: 
DeLaval Steam Turbine Co. 
C. H. Wheeler Mig. Co. 
Dumps, Turbine: 
DeLava!l Steam Turbine Co. 
Layne & Bowler, Inc. 
Recorders, Gas Density, COs, 
80:2, ete.: 
Fischer & Porter Co. 
Permutit Co 
Wallace & Tiernan Inc. 
Kecording Instruments: 
Fischer & Porter 
Infilco Inc. 
Wallace & Tiernan Inc. 
Keservoirs, Steel: 
Chicago Bridge & Iron Co. 
Graver Water Conditioning Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Sand Expansion Gages; see 
Gages 
Sleeves; see Clamps 
Sleeves and Valves, Tapping: 
James B. Clow & Sons 
M & H Valve & Fittings Co. 
Mueller Co 
Rensselaer Valve Co. 
A. P. Smith Mfg. Co 
Sludge Blanket Equipment: 
General Filter Co 
Graver Water Conditioning Co 
Permutit Co 
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American Roll-On Joint Pipe 


Users of AMERICAN Roll-On Joint pipe are enthusiastic about it. 
This type of pipe is offered as an alternate for standard bell and spigot 
pipe, and has gained wide acceptance within a comparatively short period 
of sixteen years. Roll-On Joint is included in new Federal Specification 
WW-P-00421 as Joint Type II. 


Roll-On Joint pipe, in sizes 2” through 48”, is cast centrifugally by 
the Mono-Cast process. Standard joint materials, including rubber ring, 
jute and bituminous joint compound are furnished with the pipe. The 
Roll-On Joint, a positive rubber-packed bottle-tight joint, is lower in 
cost than other types of joints. 


The above illustration shows 48” Roll-On Joint pipe being used in 
the construction of a 7-mile-long water supply line in Texas. Depending 
upon local conditions, the contractor laid from 500 feet up to 1,000 feet 
per day. The final tests on the line showed the Roll-On Joints to be 
bottle-tight. 


(See Us In Chicago—Booths 54 and 55 A.W.W.A. Conference) 


AMERICAN 


A 1905 - GOLDEN ANNIVERSARY - 1955 


- 
- 
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Sodium Hexaw h 
Blockson Chemical Co. 
Calgon, Inc 
Sodium Silicate 
Philadelphia Quartz Co 
Softeners: 
Cochrane Corp. 
Dorr-Oliver Inc. 
General Filter Co. 
Graver Water Conditioning Co. 
Hungerford & Terry, Inc 
Infileo Inc. 
Vermutit Co, 
Roberts Filter Mfg. Co. 
Walker Process Equipment, Inc. 
Softening Chemicals and Com- 
pounds: 
Calgon, Inc. 
Cochrane Corp. 
General Filter Co. 
Infileo Inc. 
Morton Salt Co. 
Vermutit Co 
Tennessee Corp. 
Standpipes, Steel: 
Chicago Bridge & Iron Co 
R. D. Cole Mig. Co. 
Graver Water Conditioning Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co 
Steel Plate Construction: 
American Locomotive Co. 
Bethlehem Steel Co. 
Bridge & Iron Co. 
D. Cole Mfg. Co. 
kom Water Conditioning Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co. 
Stops, Curb and Corporation: 
Hays Mfg. Co. 
Mueller Co. 
Welsbach Corp., Kitson Valve Div. 
Storage Tanks; see Tanks 
Strainers, Suction: 
James B. Clow & Sons 
M. Greenberg's Sons 
fobasen, Edward E., Inc. 
D. Waod Ca 
Surface Wash Equipment: 
Cochrane Corp. 
Permutit Co 
Swimming Pool Sterilization: 
Everson Mfg. Corp. 
Fischer & Porter 
Omega Machine Co. 
Industries) 
Pronortioneers, Inc 
Wallace & Tiernan Inc. 
Welsbach Corp., Ozone 
Div. 
Tanks, Steel: 
American Locomotive Co. 
Bethlehem Stee! Co. 
Chicago Bridge & Iron Co 
R. D. Cole Mig Co. 
Graver Water Conditioning Co. 
Hammond Iron Works 
Pittsburgh-Des Moines Steel Co 
Tapping-Drilling Machines: 
Hays Mfg. Co. 
Mueller Co. 
A. P. Smith Mfg. Co. 
Tapping Machines, Corp.: 
Hays Mfg. Co. 
Mueller Co 
Welsbach Corp., Kitson Valve Div. 
Taste and Odor Removal: 
Cochrane Corp. 


(Div., B-I-F 


Processes 


ADVERTISERS’ PRODUCTS 


Fischer & Porter Co. 

General Filter Co 

Graver Water Conditioning Co. 

Industriai Chemical Sales Div 

Infileo Inc. 

Permutit Co. 

Pronortioneers, Inc. 

Wallace & Tiernan Inc. 

Welsbach Corp., Ozone 
Div 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations): 

Wallace & Tiernan Inc. 

Turbines, Steam: 

DeLaval Steam Turbine Co. 

Turbines, Water: 

DeLaval Steam Turbine Co 

Valve Boxes: 

James B. Clow & Sons 

Meter Box Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co, 

A. P. Smith Mfg. Co 

Trinity Valley Iron & Steel Co. 

R. D. Wood Co 

Valve-Inserting Machines: 

Mueller Co. 

A. P. Smith Mfg. Co. 

Valves, Altitude: 

Ross Valve Mfg. Co., Inc 

Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud Plog: 

Chapman Valve Mfg. 

ames B. Clow & Sons 

JeZurik Shower Co. 

M. Greenberg’s Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

Kensselaer Valve Co. 

R. D. Wood Co, 

Valves, Detector Check: 

Hersey Mfg. Co 

Valves, Electrically Operated: 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Philadelphia Gear Works, Inc 

Henry Pratt Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. 

Valves. Float: 

James B. Clow & Sons 

Henry Pratt Co. 

toss Valve Mfg. Co., Inc. 

Valves, Gate: 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mig. Co. 

Dresser Mfg. Div 

Kennedy Valve Mfg. Co 

Ludlow Valve Mfg. Co., Inc 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co 

R. D. Wood Co 

Valves, Hydraulically Oper- 


Co. 


Processes 


ated: 
Chapman Valve Mfg. 
James B. Clow & Sons 


! 
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Crane Co. 

Darling Valve & Mfg. Co. 

DeZurik Shower Co. 

Kennedy Valve Mig. Co. 

M & H Valve & Fittings Co. 

Mueller Co. 

Philadelphia Gear Works, Inc. 

Henry Pratt Co. 

Rensselaer Valve Co. 

A. P. Smith Mig. Co. 

R. D. Wood Co. 

Valves, Large Diameter: 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

Kennedy Valve Mfg. Co 

Ludlow Valve Mfg. Co., Inc. 

M & H Valve & Fittings Co. 

Mueller Co. 

Henry Pratt Co. 

Kensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co 

Valves. Regulating: 

DeZurik Shower Co. 

Foster Eng. Co. 

Mueller Co. 

Henry Pratt Co. 

Ross Valve Mig. Co 

Valves, Swing Check: 

Chapman Valve Mfg. Co. 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

M. Greenberg’s Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co 

Waterproofing 

Inertol Co., Inc. 

Water Softening Plants; 
Softeners 

Water Sapply Contractors: 

Layne & Bowler, Inc. 

Water Testing Apparatus: 

Wallace & Tiernan Inc. 

Water Treatment Plantes: 

Allis-Chalmers Mfg. Co. 

American Well Works 

Chain Belt Co. 

Chicago Bridge & Iron Co. 

Cochrane Corp. 

Dorr-Oliver Inc. 

Fischer & Porter Co. 

General Filter Co 

Graver Water Conditioning Co. 

Hammond Iron Works 

Hungerford & Terry, Inc. 

Infilco Inc 

Permutit Co. 

Pittsburgh-Des Moines Steel Co 

Roberts Filter Mfg. Co 

Walker Process Equipment, Inc. 

Wallace & Tiernan Inc. 

Welsbach Corp., Ozone Processe- 
Div 

Well Drilling Contractors: 

Layne & Bowler, Inc 

Well Screens 

Johnson, Edward E., Inc. 

Wrenches, Ratchet: 

Dresser Mfg. Div. 

Zeolite; see lon 
Materials 


Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by AWWA Associate Members appears in the 
1953 AWWA Directory. 


! 
| 
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Later 
sedivm 


leading primary producer of Sodium Fivoride 
sak: and Sodium Silicofiuoride (sole producer of Sodium 
 —— Polyphos), Blockson provides a dependable high 


BIOCKSON purity source of supply for the water works trade. 
SAMPLES AND DATA ON REQUEST. 
Ta BLOCKSON CHEMICAL COMPANY 
JOLIET, ILLINOIS 


— 
te 
water soluble Glassy Sodivm Phosphate 
dardized composition: specified for q 
dsphate or Sodivm™ Tetrophosphote 
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| Arctic Type Eanpire lyre 
How Do You Measure Quality 
In Water Meters ? 


You can’t put a gauge on quality . . . and only in part a 
price. You who have been “‘through the mill’? know that 
quality in water meters must be demonstrated over the 
years by superior performance, greater accuracy, longer 
life. Then it’s a matter of record. 

By any yardstick Rockwell meters measure up to the 
highest standards. They provide the most in accuracy with 
the least wear. It adds up to greater earning power, fewer 
repairs, lowest cost per unit measured. Ask our repre- 
sentative to demonstrate or write for bulletins. 


The Symbol for Service, Quality & and Performance in Water Meters 
ROCKWELL MANUFACTURING COMPANY 


PITTSBURGH 6,PA. Atienta Boston Charlotte Chicago Dallas Houston os Angeles Midlond, Texos 
N. Konsos City, Mo New York Philadelphia Pittsburgh Sen Francisco Seattle Shreveport, Lo Tube 


ROCKWELL WATER METERS 


2 
Vol. 47, No.5 
4 ¥ 4 
>, 


Would you like to realize sav- 
ings up to 40% in filtration 


plant construction costs . . . and 


at the same time get improved 
operation compared with con- 
ventional methods? Both are 
now possible with the Dorrco 
Aldrich PeriFilter System. A sin- 
gle PeriFilter consists of a Dorr- 
Oliver pre-treatment mechanism 
surrounded by an annular rapid 
eand filter and two or more of 
these dual unite are usually 
manifolded to form the System. 


WORLD 


Here's how the 

PeriFilter cuts costs... A unique design permits installation 
of both pre-treatment unit and filter in the same tank, 
Valves and piping are greatly simplified. Reduced head 
losses and simple operation add up to lower operating costa. 


Here's how the PeriFilter improves operation . . Transfer 
from pre-treatment unit to filter is over a submerged weir so 
floc breakup is practically nil. Maximum water depth over 
the filter eliminates air binding. A variety of pre-treatment 
mechanisms are available for every water treatment need. 

We're sure you'll want more information on this new de- 
velopment in water treatment practice. Bulletin 9042 de- 
scribing the Dorrco Aldrich PeriFilter System will be sent on 
request, and a Dorr-Oliver Engineer will gladly supply you 
with additional information. Dorr-Oliver Inc., Stamford, 
Conn. In Canada: 26 St. Clair Ave., E., Toronto 5. 


*Trade Mark Reg. U. S. Pot. Off. 


WIDE RESEARCH ENGINEERING EQUIPMENT 


| 
| | 
<i: 
4 
The Dorrco Aldrich PeriFilter System with Derrco 
Hydro-Treators® installed for pre-treatment. 
New System Cuts Water Filtration Plant 
Construction Costs Up to 
| 
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Jointed for ... 
Permanence 


with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the “jointing material’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE,— 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—but that it improves with age. 


The pioneer self-caulking material for c. i. pipe. 
Tested and used for over 40 years. 
Saves at least 75% 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 


2 
LBS 


